
ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ʏʘʥ ʊʭʘʥʴ ʐʦʥ 

 

ʉʆɿɼɸʅʀɽ ʆʇʆʈʅʆʁ ɻɽʆɼɽɿʀʏɽʉʂʆʁ ʉɽʊʀ  

ʇʈʀ ʀɿʓʉʂɸʅʀʗʍ ʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʉʇʋʊʅʀʂʆɺʆʁ ʊɽʍʅʆʃʆɻʀʀ ʆʇʈɽɼɽʃɽʅʀʗ  

ʊʆʇʆʎɽʅʊʈʀʏɽʉʂʀʍ ʂʆʆʈɼʀʅɸʊ 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ: 25.00.32 ï ɻʝʦʜʝʟʠʷ 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ  

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʄʫʩʪʘʬʠʥ ʄʫʨʘʪ ɻʘʟʠʟʦʚʠʯ 

 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï 2019



2 

 

ʆɻʃɸɺʃɽʅʀɽ 

ɺɺɽɼɽʅʀɽ .............................................................................................................. 4 

ɻʃɸɺɸ 1 ʉʆʉʊʆʗʅʀɽ ʀɿʋʏɽʅʅʆʉʊʀ ɺʆʇʈʆʉɸ ʆ ʉʇʆʉʆɹɸʍ 

ʉʆɿɼɸʅʀʗ ɻɽʆɼɽɿʀʏɽʉʂʆʁ ʆʉʅʆɺʓ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ................... 10 

1.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ .................................................... 10 

1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ....................................... 12 

1.3 ʄʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ .................................... 24 

1.4 ʊʝʭʥʦʣʦʛʠʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ...................................... 31 

1.5 ɸʥʘʣʠʟ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʩʦʟʜʘʥʠʶ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ......... 37 

1.6 ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʴʝʪʥʘʤʘ ....................................................................................................... 43 

1.7 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ ........................................................................ 50 

ɻʃɸɺɸ 2 ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʇɽʈɽɺʆɼɸ ʀ ʊʆʏʅʆʉʊʀ 

ʂʆʆʈɼʀʅɸʊ ɻɽʆɼɽɿʀʏɽʉʂʆʁ ʆʉʅʆɺʓ ʅɸ ʊʆʇʆʎɽʅʊʈʀʏɽʉʂʆʁ 

ʇʈʆɽʂʎʀʀ ............................................................................................................ 52 

2.1 ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ....................... 52 

2.2 ʄʝʪʦʜʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʧʣʦʩʢʫʶ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ .......................................................... 56 

2.3 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʪʚʝʯʘʶʱʠʭ ʪʦʯʥʦʩʪʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ ..................................................... 61 

2.4 ʋʨʘʚʥʠʚʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ...................................................................................................... 72 

2.5 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ................................................ 79 

2.6 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ........................................................................ 83 

ɻʃɸɺɸ 3 ʆɹʆʉʅʆɺɸʅʀɽ ʄɽʊʆɼʀʂʀ ʆʇʈɽɼɽʃɽʅʀʗ ʅʆʈʄɸʃʔʅʓʍ 

ɺʓʉʆʊ ʇʆ ɼɸʅʅʓʄ ʉʇʋʊʅʀʂʆɺʓʍ ʆʇʈɽɼɽʃɽʅʀʁ ʇʈʀ ʉʆɿɼɸʅʀʀ 

ʆʇʆʈʅʆʁ ɻɽʆɼɽɿʀʏɽʉʂʆʁ ʉɽʊʀ ɼʃʗ ʀɿʓʉʂɸʅʀʁ ʀ 

ʉʊʈʆʀʊɽʃʔʉʊɺɸ ................................................................................................ 85 



3 

 

3.1  ʇʦʩʪʨʦʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ ʤʝʪʦʜʦʤ ɻʅʉʉ-

ʥʠʚʝʣʠʨʦʚʘʥʠʷ .............................................................................................. 86 

3.2 ʇʦʩʪʨʦʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ ʧʦ ʜʘʥʥʳʤ 

ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ EGM2008 ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ .......................... 90 

3.3 ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 

ʩ ʫʯʸʪʦʤ ʫʢʣʦʥʝʥʠʡ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ......................................................... 107 

3.4 ʇʝʨʝʜʘʯʘ ʦʪʤʝʪʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʡ ......................................................... 115 

3.5 ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ..................................................................... 131 

ɻʃɸɺɸ 4 ʇʈʀʄɽʅɽʅʀɽ ʈɸɿʈɸɹʆʊɸʅʅʆʁ ʄɽʊʆɼʀʂʀ ʇʆʉʊʈʆɽʅʀʗ 

ʆʇʆʈʅʆʁ ʉɽʊʀ ʅɸ ʆɹʒɽʂʊɸʍ ɺʔɽʊʅɸʄɸ .............................................. 133 

4.1 ʉʦʟʜʘʥʠʝ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʟʘʚʦʜʘ ɿʫʥʛ-ʢʫʘʪ ......................................................................................... 134 

4.2 ʉʦʟʜʘʥʠʝ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʮʝʤʝʥʪʥʦʛʦ 

ʟʘʚʦʜʘ ʊʭʘʡ-ʥʛʫʝʥ ...................................................................................... 139 

4. 3 ʆʙʨʘʙʦʪʢʘ ʚʳʩʦʪʥʦʡ ʦʩʥʦʚʳ ʩ ʫʯʸʪʦʤ ʫʢʣʦʥʝʥʠʡ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ . 145 

4.4 ɺʳʚʦʜʳ ʧʦ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ................................................................. 148 

ɿɸʂʃʖʏɽʅʀɽ .................................................................................................... 149 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ .................................................................................... 151 

 

 

 

 

 



4 

 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ  

ʉʦʟʜʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʠʟʳʩʢʘʥʠʷʭ 

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʷʝʤʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ. 

ʉʝʛʦʜʥʷ ʛʣʦʙʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ (ʜʘʣʝʝ ɻʅʉʉ) 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʫʜʦʙʥʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ, ʥʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʚʦʜʦʤ ʢʦʦʨʜʠʥʘʪ ʠʟ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʥʝʢʫʶ ʧʣʦʩʢʫʶ ʧʨʦʝʢʮʠʶ, ʪʘʢ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʷʟʘʥʦ ʩ ʧʣʦʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚ ʈʦʩʩʠʠ ʩʚʷʟʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ. ʇʨʠ ʵʪʦʤ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʩʢʦʡ ʧʨʦʝʢʮʠʠ. ʅʘʣʘʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ɻɻʉ) ʚ 

ʧʨʦʝʢʮʠʶ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʢʦʦʨʜʠʥʘʪ ʩʧʝʮʠʘʣʴʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʝʷ ɻʅʉʉ-

ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʧʣʦʩʢʦʡ ʧʨʦʝʢʮʠʠ 

ʢʦʦʨʜʠʥʘʪ ʜʝʣʘʶʪ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʘ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʝʢʮʠʡ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ. ʂ ʪʦʤʫ 

ʞʝ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʝʨʝʚʦʜʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ 

ʧʣʦʩʢʠʭ ʟʦʥʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ 

ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ ʟʦʥʳ.  

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʝʛʦʜʥʷ ʩʪʘʥʦʚʷʪʩʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ 2D 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʩʪʨʘʥ, ʛʜʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʘ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ. ɺʦ ɺʴʝʪʥʘʤʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʢʘʢ ʦ 

ʨʘʟʚʠʪʠʠ (ʩʛʫʱʝʥʠʠ) ɻɻʉ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʦʜʦʚ ʠ ʧʦʩʝʣʢʦʚ, 
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ʪʘʢ ʠ ʢʘʢʫʶ ʧʣʦʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʊʝʤʘ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʣʦʩʢʠʭ ʧʨʦʝʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʪʨʘʞʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʦʥʘʭ ʠ 

ʫʩʣʦʚʠʷʭ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʧʨʠ ʧʝʨʝʚʦʜʝ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʝʢʮʠʶ ɻʘʫʩʩʘ-

ʂʨʶʛʝʨʘ ʧʦʢʘʞʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʦʩʦʙʘ ʠ ʧʦʟʚʦʣʠʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʝʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʨʘʟʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʠ ʠʟʳʩʢʘʥʠʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧʦʨʥʦʡ ʩʝʪʠ ʥʘ ʦʙʲʝʢʪʘʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʦ ɺʴʝʪʥʘʤʝ, ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʪʤʝʪʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ 

ʚʳʩʦʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. 

ʀʜʝʷ ʨʘʙʦʪʳ 

ʉʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʧʨʦʝʢʮʠʠ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ ʩ ʦʮʝʥʢʦʡ ʪʦʯʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʘʟʙʠʚʦʯʥʳʭ 

ʨʘʙʦʪ.  

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ ʦ ʩʦʟʜʘʥʠʠ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʜʣʷ 

ʠʟʳʩʢʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ.  
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2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʦʩʥʦʚʳ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ.  

3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʠʟʳʩʢʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

4. ʇʨʦʚʝʨʢʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʦʨʥʦʡ ʩʝʪʠ ʥʘ ʦʙʲʝʢʪʘʭ 

ɺʴʝʪʥʘʤʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʧʨʠʙʦʨʥʘʷ ʙʘʟʘ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʣʦʩʢʘʷ 

ʧʨʦʝʢʮʠʷ ʚ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʦʪʢʣʦʥʝʥʠʡ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ 

ʪʝʦʨʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ 

ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ï ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʦʥʝʥʠʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʦʪ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʟʦʥʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ; 

ï ʤʝʪʦʜʠʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʩ ʦʮʝʥʢʦʡ ʠʩʢʘʞʝʥʠʡ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ;  

ï ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʘʯʠ ʦʪʤʝʪʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ. 

 ɿʘʱʠʱʘʝʤʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʇʨʠ ʠʟʳʩʢʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʟʜʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ ʵʪʦʤ ʦʧʦʨʥʫʶ ʩʝʪʴ 

ʩʣʝʜʫʝʪ ʧʨʦʝʮʠʨʦʚʘʪʴ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ, ʯʪʦ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ 
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ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʚ ʧʣʘʥʝ, ʠ ʧʦ ʦʪʤʝʪʢʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ ʟʦʥʳ. 

2. ʆʨʠʝʥʪʠʨʦʚʘʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʳʧʦʣʥʷʪʴ ʧʦ ʥʦʨʤʘʣʠ ʢ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʡ ʩ ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʚʳʯʠʩʣʷʪʴ ʩ ʫʯʝʪʦʤ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʠ ʚʨʘʱʝʥʠʝʤ 

ʵʣʣʠʧʩʦʠʜʘ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʜʣʠʥ ʣʠʥʠʡ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʘ ʫʯʘʩʪʢʘʭ ʜʦ 20 

ʢʤ ʙʦʣʝʝ ʯʝʤ ʜʚʫʢʨʘʪʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 

ʇʨʝʜʣʦʞʝʥ ʘʢʪʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ 

ʧʨʠ ʠʟʳʩʢʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʣʦʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʆʧʦʨʥʘʷ 

ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ, ʩʦʟʜʘʥʥʘʷ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʠʤʝʝʪ 

ʤʠʥʠʤʘʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʳʭ 

ʩʝʛʦʜʥʷ ʚʳʧʦʣʥʷʶʪʩʷ ʣʴʚʠʥʘʷ ʜʦʣʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʠʥʞʝʥʝʨʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʘ, ʧʦʟʚʦʣʷʶʪ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʦʨʠʝʥʪʠʨʦʚʘʪʴ 

ʣʦʢʘʣʴʥʫʶ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʠ ʜʝʣʘʪʴ 

ʧʝʨʝʚʳʯʠʩʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʠ ʚʳʚʦʜʳ ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʥʘʫʯʥʳʭ ʠ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʆʆʆ çɹɽʅʊɸè, ʆʆʆ çʕʢʦʩʢʘʥè ʠ ʜʨ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʣʘʥʠʨʫʝʪʩʷ ʚʦ ɺʴʝʪʥʘʤʝ ʚ ʧʨʦʝʢʪʥʳʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ɺ ʛʣʘʚʝ 3 ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʛʣʘʚʝ 4 ʥʘ ʦʙʲʝʢʪʘʭ ɺʴʝʪʥʘʤʘ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ. 

ɼʠʩʩʝʨʪʘʮʠ ̫ʚʢʣʶʯʘʝʪ ʟʘʢʣʶʯʝʥʠʝ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ.  

ʆʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 162 ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʝʪ 

ʚʚʝʜʝʥʠʝ, ʯʝʪʳʨʝ ʛʣʘʚʳ ʩ ʧʦʜʨʘʟʜʝʣʘʤʠ, ʩʦʜʝʨʞʠʪ 42 ʪʘʙʣʠʮʳ ʠ 60 ʨʠʩʫʥʢʦʚ ʠ 

ʚʳʚʦʜʳ ʧʦ ʢʘʞʜʦʡ ʛʣʘʚʝ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʦʜʝʨʞʠʪ 108 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʪ.ʥ. 

ʄʫʨʘʪʫ ɻʘʟʠʟʦʚʠʯʫ ʄʫʩʪʘʬʠʥʫ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʶ ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʜʝʟʠʠ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʟʘ ʚʥʠʤʘʥʠʝ, ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ, 

ʦʢʘʟʘʥʥʳʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʠ.  
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ɻʃɸɺɸ 1 ʉʆʉʊʆʗʅʀɽ ʀɿʋʏɽʅʅʆʉʊʀ ɺʆʇʈʆʉɸ ʆ ʉʇʆʉʆɹɸʍ 

ʉʆɿɼɸʅʀʗ ɻɽʆɼɽɿʀʏɽʉʂʆʁ ʆʉʅʆɺʓ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

1.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ 

ʇʦ ɻʆʉʊ ʈ 55024-2012 [16] ʩʝʪʠ (ʛʝʦʜʝʟʠʯʝʩʢʠʝ) ʨʘʟʜʝʣʷʶʪ: 

ï ʥʘ ʛʣʦʙʘʣʴʥʳʝ, ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ, ʥʘʮʠʦʥʘʣʴʥʳʝ (ʚ ʛʨʘʥʠʮʘʭ ʩʪʨʘʥʳ) 

ʠ ʣʦʢʘʣʴʥʳʝ (ʤʝʩʪʥʳʝ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʨʘʟʤʝʨʦʚ; 

ï ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʧʨʠʟʥʘʢ); 

ï ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʧʣʘʥʦʚʳʝ, ʚʳʩʦʪʥʳʝ, ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʳʝ 

(ʦʧʨʝʜʝʣʷʶʪ ʚʠʜ ʠʥʬʦʨʤʘʮʠʠ); 

ï ʥʘ ʦʧʦʨʥʳʝ, ʩʛʫʱʝʥʠʷ, ʩʲʝʤʦʯʥʳʝ ʠ ʨʘʟʙʠʚʦʯʥʳʝ (ʧʦ ʧʨʠʤʝʥʝʥʠʶ); 

ï ʥʘ ʚʳʩʦʢʦʪʦʯʥʳʝ, ʪʦʯʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ (ʧʦ ʧʨʠʟʥʘʢʫ ʪʦʯʥʦʩʪʠ); 

ï ʥʘ ʩʧʫʪʥʠʢʦʚʳʝ, ʨʘʜʠʦʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ, ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ, 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ, ʪʨʠʣʘʪʝʨʘʮʠʦʥʥʳʝ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʟʘʩʝʯʢʠ (ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ). 

ʉʚʦʜ ʧʨʘʚʠʣ ʠʥʞʝʥʝʨʥʳʝ ʠʟʳʩʢʘʥʠʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ (ʉʇ 47.13330.2012. ʆʂʉ 91.040.01. ɼʘʪʘ ʚʚʝʜʝʥʠʷ 2013-07-01) 

ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʚ ʢʦʪʦʨʳʡ 

ʧʝʨʚʦʦʯʝʨʝʜʥʦ ʚʭʦʜʠʪ ʩʦʟʜʘʥʠʝ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ (ʆɻʉ). 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʱʘʜʠ ʠʣʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʠʜʘ ʦʙʲʝʢʪʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʧʦʨʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʫʥʢʪʦʚ: 

ï ʂʉɻʉ - ʢʘʨʢʘʩʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ; 

ï ʨʝʬʝʨʝʥʮʥʳʭ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʘʥʮʠʡ; 

ï ʉɻʉʉ - ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩʛʫʱʝʥʠʷ; 

ï ɻɻʉ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ 4 ʢʣʘʩʩʘ, 1 ʠ 2 ʨʘʟʨʷʜʦʚ ʠ ʨʘʚʥʦʡ ʠʤ ʧʦ ʪʦʯʥʦʩʪʠ ʧʫʥʢʪʦʚ 

ʉɻʉʉ; 

ï ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ II, III ʠ IV ʢʣʘʩʩʦʚ. 
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ɺ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ (ʧʣʘʥʦʚʦʝ) 

ʧʫʥʢʪʦʚ ʆɻʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʫʥʢʪʦʚ ɻɻʉ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ - ʉɻʆ, ʤʝʪʦʜʘʤʠ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ, 

ʪʨʠʘʥʛʫʣʷʮʠʠ ʠʣʠ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʝʡʥʦ-ʫʛʣʦʚʳʭ ʩʝʪʝʡ. ʇʨʠ ʵʪʦʤ ʠʩʭʦʜʥʳʤʠ 

ʧʫʥʢʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ (ʨʘʟʚʠʪʠʷ) ʆɻʉ ʜʦʣʞʥʳ ʙʳʪʴ ʧʫʥʢʪʳ ʚʳʩʰʠʭ ʢʣʘʩʩʦʚ, 

ʨʘʟʨʷʜʦʚ. 

ʂʘʢ ʠʩʢʣʶʯʝʥʠʝ ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʆɻʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʫʥʢʪʦʚ 

ʪʘʢʠʭ ʞʝ ʧʦ ʢʣʘʩʩʫ (ʨʘʟʨʷʜʫ) ʪʦʯʥʦʩʪʠ, ʝʩʣʠ ʚ ʨʘʡʦʥʝ ʚʳʧʦʣʥʝʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʦʪʩʫʪʩʪʚʫʶʪ ʧʫʥʢʪʳ ʚʳʩʰʠʭ ʢʣʘʩʩʦʚ. 

ʊʦʯʥʦʩʪʴ ʧʫʥʢʪʦʚ ʆɻʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʫʨʘʚʥʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʚʳʯʠʩʣʷʶʪʩʷ ʉʂʇ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʣʠʥʠʠ ʩʝʪʠ 

ʠ, ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ, ʉʂʇ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʩʝʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʳʤ ʧʫʥʢʪʘʤ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʆɻʉ ʚʢʣʶʯʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʟʜʘʥʠʶ ʆɻʉ ʠ ʩʲʝʤʦʯʥʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ 

ɺʠʜ ʩʝʪʠ 

ʉʂʇ 

ʧʫʥʢʪʦʚ ʆɻʉ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ 

(ʧʣʘʥ), ʤʤ, ʥʝ 

ʙʦʣʝʝ 

ʉʂʇ 

ʚʟʘʠʤʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ 

ʧʫʥʢʪʦʚ (ʧʣʘʥ), 

ʤʤ, ʥʝ ʙʦʣʝʝ 

ʉʂʇ ʚʟʘʠʤʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ 

ʧʫʥʢʪʦʚ 

(ʦʪʤʝʪʢʠ), ʤʤ, 

ʥʝ ʙʦʣʝʝ 

ʂʘʨʢʘʩʥʘʷ ʩʝʪʴ ʨʝʬʝʨʝʥʮʥʳʭ 

ʩʪʘʥʮʠʡ ɻʅʉʉ 
20 15 20 

ʉʧʫʪʥʠʢʦʚʘʷ ʩʝʪʴ ʨʝʬʝʨʝʥʮʥʳʭ 

ʩʪʘʥʮʠʡ ɻʅʉʉ 
20 20 25 

ʇʫʥʢʪʳ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ, 

ʪʨʠʘʥʛʫʣʷʮʠʠ, 

ʪʨʠʣʘʪʝʨʘʮʠʷ 4-ʛʦ ʢʣʘʩʩʘ, 

ʧʨʦʚʝʨʝʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʤʠ 

ʦʧʨʝʜʝʣʝʥʠʷʤʠ 

20 25 ï 

ʇʫʥʢʪʳ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ, 

ʪʨʠʘʥʛʫʣʷʮʠʠ, 

ʪʨʠʣʘʪʝʨʘʮʠʷ 1-ʛʦ ʨʘʟʨʷʜʘ, 

ʧʨʦʚʝʨʝʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʤʠ 

ʦʧʨʝʜʝʣʝʥʠʷʤʠ 

50 30 ï 
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ʆɻʉ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ ʩʦʟʜʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʝʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚʢʣʶʯʘʷ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʠ ʣʠʢʚʠʜʘʮʠʶ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʇʫʥʢʪʳ ʆɻʉ ʧʨʠ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʷʭ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘ ʦʜʠʥ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ ʥʘ 

ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʙʳʣʦ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʝʭ ʧʫʥʢʪʦʚ ʠʣʠ ʦʜʠʥ ʧʫʥʢʪ ʥʘ 

ʦʜʠʥ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ ʥʘ ʥʝʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ (ʂʇ) ï ʵʪʦ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʧʝʨʝʬʨʘʟʠʨʦʚʘʥʠʠ 

ʦʬʠʮʠʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʝʩʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ 

ʥʘ ʧʣʦʩʢʦʩʪ.ɹ ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʂʇ ʥʝʠʟʙʝʞʥʳ ʦʪʢʣʦʥʝʥʠʷ ʠʣʠ ʦʰʠʙʢʠ 

ʦʪʦʙʨʘʞʝʥʠʷ. ʂʇ ʯʘʩʪʠʯʥʦ ʠʩʧʳʪʳʚʘʝʪ ʣʠʙʦ ʩʞʘʪʠʝ ʠʣʠ ʨʘʩʪʷʞʝʥʠʝ, ʪ.ʝ. 

ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ.  

ʂʇ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʜʝʣʷʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʫʛʣʦʚ (ʨʘʚʥʦʫʛʦʣʴʥʳʝ ʂʇ) ʠ ʧʣʦʱʘʜʝʡ (ʨʘʚʥʦʚʝʣʠʢʠʝ), ʘ ʪʘʢʞʝ ʚʠʜʫ ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʣʣʝʣʝʡ ʠ ʤʝʨʠʜʠʘʥʦʚ (ʘʟʠʤʫʪʘʣʴʥʳʝ, ʢʦʥʠʯʝʩʢʠʝ, 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʠ ʜʨ.). 

ʈʘʚʥʦʫʛʦʣʴʥʳʝ ʠ ʨʘʚʥʦʚʝʣʠʢʠʝ ʂʇ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.1. ʉʫʱʝʩʪʚʫʶʪ 

ʪʘʢʞʝ ʠ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʨʦʝʢʮʠʠ, ʥʝ ʷʚʣʷʶʱʠʤʠʩʷ ʨʘʚʥʦʚʝʣʠʢʠʤʠ ʠʣʠ 

ʨʘʚʥʦʫʛʦʣʴʥʳʤʠ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʣʫʯʘʝʚ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʫʜʦʙʥʦʡ ʬʦʨʤʝ. 

ɸʟʠʤʫʪʘʣʴʥʳʝ ʂʇ (ʩʤ. ʨʠʩʫʥʦʢ 1.1) ï ʠʤʠ ʢʘʢ ʧʨʘʚʠʣʦ ʦʪʦʙʨʘʞʘʶʪ 

ʧʦʣʷʨʥʳʝ ʦʙʣʘʩʪʠ. ʄʝʨʠʜʠʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ, ʠʩʭʦʜʷʱʠʤʠ 

ʩʝʚʝʨʥʦʛʦ ʠʣʠ ʶʞʥʦʛʦ ʧʦʣʶʩʘ. ʇʘʨʘʣʣʝʣʠ - ʵʪʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʦʢʨʫʞʥʦʩʪʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʦʩʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʶʞʥʳʡ ʠ 

ʩʝʚʝʨʥʳʡ ʧʦʣʶʩʘ. 

ʂʦʥʠʯʝʩʢʠʝ ʂʇ - ʵʪʦ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʥʘ 

ʢʦʥʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʩʣʝʜʥʷʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʝʬʦʨʤʠʨʫʝʪʩʷ 

(ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ) ʚ ʧʣʦʩʢʦʩʪʴ. ɸʟʠʤʫʪʘʣʴʥʳʝ ʠ ʢʦʥʠʯʝʩʢʠʝ ʂʇ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʧʝʨʝʯʥʳʤʠ (ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 90 ʛʨʘʜʫʩʦʚ) ʠ ʢʦʩʳʤʠ (ʥʘʢʣʦʥʥʳʤʠ).  

http://www.03geo.ru/trans_05
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ʈʠʩʫʥʦʢ 1.1 ï ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ 

ʀʟʚʝʩʪʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʂʇ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʂʇ ʄʝʨʢʘʪʦʨʘ, ʃʘʤʙʝʨʪʘ ʠ ɻʘʫʩʩʘ (1777 ï 1855 

ʛʛ.). 
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ʈʘʚʥʦʫʛʦʣʴʥʘʷ ʧʦʧʝʨʝʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʘ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʂ. ɻʘʫʩʩʦʤ ʚ 1825 ʛʦʜʫ. 

ʉʧʫʩʪʷ ʧʦʯʪʠ ʚʝʢ ʃ.ʀ. ʂʨʶʛʝʨʦʤ (1857 ï 1923) ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʜʘʥʦ ʦʧʠʩʘʥʳ 

ʘʣʛʦʨʠʪʤʘ ʵʪʦʡ ʧʨʦʝʢʮʠʠ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʝʢʮʠ ʁʩʪʘʣʠ ʥʘʟʳʚʘʪʴ çʇʨʦʝʢʮʠʷ 

ɻʘʫʩʩʘ ï ʂʨʶʛʝʨʘè.  

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʳ ʂʇ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ 

ʂʇ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʝʩʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ 

ʥʘ ʮʠʣʠʥʜʨʝ. ɼʦʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ, ʢʘʢ ʙʳ ʚʳʨʝʟʘʥʥʳʝ ʧʦ ʤʝʨʠʜʠʘʥʫ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦ ʜʦʣʛʦʪʝ ʥʘ 3
ʦ
 ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʵʪʦʛʦ ʤʝʨʠʜʠʘʥʘ 

(ʦʩʝʚʦʛʦ, ʩʤ. ʨʠʩʫʥʦʢ 1.2), ʨʘʩʧʦʣʘʛʘʶʪ ʥʘ ʮʠʣʠʥʜʨʝ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ 6
ʦ
 ʟʦʥʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʣʠʥʠʷ ʵʢʚʘʪʦʨʘ ʚ ʧʨʦʝʢʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ ʣʠʥʠʶ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʝʚʦʤʫ ʤʝʨʠʜʠʘʥʫ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʡ ʂʇ ʧʝʨʝʜʘʶʪʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʙʝʟ ʠʩʢʘʞʝʥʠʡ, ʢʘʢ ʠ 

ʢʦʦʨʜʠʥʘʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʩʝʚʦʤʫ ʤʝʨʠʜʠʘʥʫ ʠ ʵʢʚʘʪʦʨʫ.  

ʂʇ ʄʝʨʢʘʪʦʨʘ (UTM)  

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʧʨʦʝʢʮʠʷ ʄʝʨʢʘʪʦʨʘ (UTM ï Universal 

Transverse Mercator) ʜʦʨʘʙʦʪʘʥʘ ʠʥʞʝʥʝʨʥʳʤʠ ʚʦʡʩʢʘʤʠ ʉʐɸ (United States 

Army Corps of Engineers) ʚ 1940-ʭ ʛʦʜʘʭ. ʆʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʚ 

ʧʨʦʝʢʮʠʠ UTM ʚ ʧʝʨʚʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʣʠʧʩʦʠʜ International 1924 ï 

ʩʝʪʢʘ UTM (International). ʉʝʛʦʜʥʷ ʚ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʡ - ʵʣʣʠʧʩʦʠʜ WGS84. 

ʅʫʤʝʨʘʮʠʷ ʟʦʥ ʚʝʜʝʪʩʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʝʨʠʜʠʘʥʘ 180Á. 
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ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ (Xɻʘʫʩʩ, Yɻʘʫʩʩ) ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (XUTM, YUTM) ʧʨʦʝʢʮʠʠ ʄʝʨʢʘʪʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ k0=0,9996: 

XUTM= k0. Xɻʘʫʩʩ ʠʣʠ XUTM= 0,9996. Xɻʘʫʩʩ; 

YUTM= k0. Yɻʘʫʩʩ ʠʣʠ YUTM= 0,9996 .Yɻʘʫʩʩ 

+

+
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ʈʠʩʫʥʦʢ 1.3 ï ʇʨʦʝʢʮʠʷ UTM 

ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʦʝʢʮʠʤʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʠ UTM - ʵʪʦ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʦʩʝʚʦʤ ʤʝʨʠʜʠʘʥʝ ʟʦʥʳ. ɺ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʫʢʘʟʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ m0 = 1. ɿʥʘʯʝʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʧʨʦʝʢʮʠʤʠ UTM: k0= 0,9996 ʚʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ ʦʩʝʚʦʛʦ 

ʤʝʨʠʜʠʘʥʘ ʟʦʥʳ. ɺ ʜʨʫʛʠʭ ʪʦʯʢʘʭ ʟʦʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʥʠʤʘʝʪ ʦʪʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ. 

ʂʨʘʪʢʦ ʦ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

ï ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʀʩʭʦʜʥʘʷ ʪʦʯʢʘ ʆ 

ʢʦʦʨʜʠʥʘʪ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ. ʆʩʴ Ȼ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ. ʆʩʴ X ʩʦʚʤʝʱʝʥʘ ʩ ʣʠʥʠʝʡ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʵʢʚʘʪʦʨʘ ʠ 

ʥʘʯʘʣʴʥʦʛʦ (ɻʨʠʥʚʠʯʩʢʦʛʦ) ʤʝʨʠʜʠʘʥʘ, ʘ ʦʩʴ ʋ ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ. 

ʉʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʘʟʳʚʘʶʪ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʠʣʠ ʦʙʱʝʟʝʤʥʦʡ [20, 21, 61]. 

ï ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʵʣʣʠʧʩʦʠʜʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʰʠʨʦʪʘ - B, 

ʜʦʣʛʦʪʘ -L, ʚʳʩʦʪʘ - ʅ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ɿʝʤʥʦʤ ʵʣʣʠʧʩʦʠʜʝ [28, 26, 61]. 
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ï ʉʬʝʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ʉʬʝʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ r, ʌ, L 

(ʠʣʠ r, ɗ, L). r ï ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ; ʌ ï ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʰʠʨʦʪʘ; ɗ ï 

ʧʦʣʷʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʰʠʨʦʪʳ ʜʦ 90Á; L ï ʜʦʣʛʦʪʘ [20, 

21, 61]. 

ï ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʅʘʯʘʣʦ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʈ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʨʠʩʫʥʦʢ 1.4).  

 

ʈʠʩʫʥʦʢ 1.4 ï ʂ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

Ʌ (ɉ ȴ' Ȼ') - ɻʨʠʥʚʠʯʩʢʘʷ ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ, 

ʈ(ʭ, ʫ, z) - ʛʦʨʠʟʦʥʪʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ 

ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʈ(ʍ', ʋ', Z'), ʦʩʠ ʢʦʪʦʨʦʡ ʧʘʨʘʣʣʝʣʴʥʳ 

ʦʩʷʤ ʦʙʱʝʟʝʤʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ X, ʋ, Z, ʥʘʟʳʚʘʝʪʩʷ ɻʨʠʥʚʠʯʩʢʦʡ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪʳ ʣʶʙʦʡ ʪʦʯʢʠ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʨʘʱʝʥʠʷʤʠ ȹɉ, ȹɈ, ȹȻ ʦʙʱʝʟʝʤʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʈ. ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʈ(ʭ, ʫ, z), 

ʦʩʴ z ʩʦʚʤʝʱʘʶʪ ʩ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ ʠʣʠ ʥʦʨʤʘʣʴʶ ʢ ʵʣʣʠʧʩʦʠʜʫ, ʘ ʦʩʠ ʭ ʠ ʫ 

ʧʨʠʥʘʜʣʝʞʘʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʩʴ x: ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ 
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ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʠʣʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʝʚʝʨ, ʘ ʦʩʴ ʫ 

- ʥʘ ʚʦʩʪʦʢ [28, 26, 61]. 

ɺ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ 

x, y, z, ʛʜʝ ʧʣʘʥʦʚʳʝ (ʭ, ʫ) ʧʨʠʥʘʜʣʝʞʘʪ ʧʣʦʩʢʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʠʤʝʶʱʝʡ ʪʦʯʢʫ ʢʘʩʘʥʠʷ ʩ ɿʝʤʥʳʤ ʵʣʣʠʧʩʦʠʜʦʤ ʠ ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ 

ʢʦʦʨʜʠʥʘʪ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʚʳʩʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ z. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ (ʨʠʩʫʥʦʢ 1.5) ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʘʟʠʤʫʪʘʣʴʥʳʝ ʥʘʢʣʦʥʥʳʝ ʧʨʦʝʢʮʠʠ (ʨʠʩʫʥʦʢ 1.6). 

  

ʈʠʩʫʥʦʢ 1.5 ï ɸʟʠʤʫʪʘʣʴʥʘʷ ʥʘʢʣʦʥʥʘʷ  

ʧʨʦʝʢʮʠʷ 

ʈʠʩʫʥʦʢ 1.6 ï ʆʨʪʦʛʨʘʬʠ-

ʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ 

ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʷʪʴ ʧʨʝʜʝʣʳ ʦʙʣʘʩʪʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʪ.ʝ. 

ʦʧʨʝʜʝʣʷʪʴ ʨʘʜʠʫʩ R), ʛʜʝ ʠʩʢʘʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʣʠʧʩʦʠʜʘ ʚ ʘʟʠʤʫʪʘʣʴʥʦʡ 

(ʦʨʪʦʛʦʥʘʣʴʥʦʡ) ʧʨʦʝʢʮʠʠ ʙʫʜʫʪ ʧʨʠʝʤʣʝʤʳʤʠ (ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʠ). ʅʘʧʨʠʤʝʨ, ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʠ ʪ.ʜ. ɺ ʩʣʝʜʫʶʱʠʭ 

ʨʘʟʜʝʣʘʭ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ, ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʝʜʝʣʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʢʨʠʚʠʟʥʳ ɿʝʤʣʠ  

ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʠ ʚʳʩʦʪ 

ɺ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ (ʢʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʛʝʦʜʝʟʠʠ-

ʢʘʨʪʦʛʨʘʬʠʠ) ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ (x, y), ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ 

ʧʣʦʩʢʦʡ ʤʝʩʪʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʢʦʛʜʘ 

ʧʨʠʤʝʥʷʶʪ ʧʣʦʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʘʣʴʥʦʡ ʢʨʠʚʠʟʥʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʩʦʨʘʟʤʝʨʥʦʩʪʠ ʠʩʢʘʞʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ.  

ʉʝʛʦʜʥʷ ʚʧʦʣʥʝ ʦʙʳʢʥʦʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ ʤʳ ʧʦʣʫʯʘʝʤ ʠʭ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʦʩʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʚ ʧʣʦʩʢʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʨʦʝʢʮʠʶ UTM (ʠʣʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ). ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ 

ʧʦʷʩʥʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ.  

ʇʝʨʝʚʦʜ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʦʥʷʪʥʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʨʠ ʨʘʟʚʠʪʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ-

ʪʝʭʥʦʣʦʛʠʡ ʵʪʦʪ ʩʧʦʩʦʙ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʠ ʚʳʙʠʨʘʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʧʦʨʷʜʢʝ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʟʦʥʘʣʴʥʘʷ. ʀʩʢʘʞʝʥʠʷ ʚ ʧʣʘʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʢʤ ʦʪ ʦʩʝʚʦʛʦ 

ʤʝʨʠʜʠʘʥʘ, ʘ ʦʪʤʝʪʢʠ ʝʱʝ ʤʝʥʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʘʥʠʮʳ ʟʦʥʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʦʪ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 300 ʢʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ ʠ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʦʨʥʳʭ ʩʝʪʝʡ ʜʣʷ ʠʟʳʩʢʘʥʠʡ 

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʦʩʪʳʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘ ʦʩʥʦʚʝ ɻʅʉʉ -ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʯʥʦʩʪʴ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʷ ʠ ʝʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 
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ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ (ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ), ʚʝʩʴʤʘ ʫʜʦʙʥʦ ʧʝʨʝʚʦʜʠʪʴ ʥʘ ʣʦʢʘʣʴʥʫʶ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʯʢʘ O (x,y,z) 

- ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʘ ʪʦʯʢʘ ʢʘʢ 

ʧʨʘʚʠʣʦ ʜʦʣʞʥʘ ʧʨʠʥʘʜʣʝʞʘʪʴ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ. 

ɺʳʩʦʪʘ H0 - ʵʪʦ ʚʳʩʦʪʘ ʨʝʬʝʨʝʥʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʥʘ 

ʣʦʢʘʣʴʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʣʘʥʦʚʳʤʠ 

ʠʩʢʘʞʝʥʠʷʤʠ, ʘ ʚʳʯʠʩʣʝʥʠʝ ʚʳʩʦʪ ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʙʦʩʦʙʣʝʥʦ ʠ ʪʘʢʞʝ ʩ 

ʢʦʥʪʨʦʣʝʤ ʪʦʯʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪ ʪʦʯʥʦʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʨʠ ʠʟʳʩʢʘʥʠʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʄʝʪʦʜʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ɻʅʉʉ-

ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʡ, ʚ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʘʭ: 

ɼʣʠʥʘ ʣʠʥʠʠ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʟʝʤʣʝ, ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʜʚʝ ʧʦʧʨʘʚʢʠ [27, 

43, 42, 61]. 

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʳ ʧʨʦʝʢʮʠʡ ʣʠʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʘ 

1 ï ʇʦʧʨʘʚʢʫ ʟʘ ʦʪʥʝʩʝʥʠʝ ʙʘʟʠʩʥʦʡ ʣʠʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʥʦʩʠʤʦʩʪʠ 

ȹSʥ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (ʩʤ. ʨʠʩʫʥʦʢ 1.7): 
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ʛʜʝ: S ï ʜʣʠʥʘ ʠʟʤʝʨʝʥʥʦʡ ʣʠʥʠʠ; Hm ï ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʠʟʤʝʨʝʥʥʦʡ ʣʠʥʠʠ; H0 ï 

ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʝ; Rm ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ (Rm= 6370 ʢʤ). 

2 ï ʇʦʧʨʘʚʢʫ ʢ ʜʣʠʥʝ ʣʠʥʠʠ ʥʘ ʧʨʦʝʢʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʝʢʮʠʠ 

UTM (ʠʣʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʩʤ. ʨʠʩʫʥʦʢ 1.8) ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  
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ʛʜʝ: S'= ab ï ʜʣʠʥʘ ʣʠʥʠʠ ʥʘ ʵʣʣʠʧʩʦʠʜʝ; m0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʘʞʝʥʠʷ ʜʣʠʥʳ 

ʣʠʥʠʠ ʦʪ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ; 
2

cd
m

yy
y  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʠ 

ʢʦʥʝʯʥʦʡ ʘʙʩʮʠʩʩ ʪʦʯʢʠ ʣʠʥʠʠ S; m0 ï ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ 

ʜʣʠʥʳ ʣʠʥʠʠ ʥʘ ʦʩʝʚʦʤ ʤʝʨʠʜʠʘʥʝ. ɼʣʷ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ m0= 1, ʘ ʜʣʷ 

ʧʨʦʝʢʮʠʠ UTM m0= 0.9996 (ʧʨʠ 6
o
 ʟʦʥʝ) ʠʣʠ m0= 0.9999 (ʧʨʠ 3

o
). 
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ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘ ʩʦʦʪʥʝʩʝʥʠʷ ʣʠʥʠʠ ʢ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʊʦʛʜʘ ʜʣʠʥʫ ʣʠʥʠʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

'
H G

S S S S,     (1.3) 

ʛʜʝ S' ï ʜʣʠʥʘ ʣʠʥʠʠ, ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʜʣʷ ʫʨʘʚʥʠʚʘʥʠʷ; S ï ʜʣʠʥʘ ʣʠʥʠʠ, 

ʠʟʤʝʨʝʥʥʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʙʦʨʦʤ (ʪʘʭʝʦʤʝʪʨʦʤ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʠʥʘ ʣʠʥʠʠ, ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʜʣʷ ʫʨʘʚʥʠʚʘʥʠʷ, ʙʫʜʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʜʣʠʥʳ ʣʠʥʠʠ, ʠʟʤʝʨʝʥʥʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʝʤʣʝ ʥʘ ʚʝʣʠʯʠʥʫ 

ʜʚʫʭ ʧʦʧʨʘʚʦʢ: SH ʠ SG. 

ʇʨʠ ʫʩʣʦʚʠʠ:  

0 00m mH H H H     (1.4) 

ʨʘʩʯʝʪ ʫʧʨʦʱʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʚʳʩʦʪʘ ʧʨʦʝʢʮʠʠ ʧʣʘʥʦʚʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ ʩʨʝʜʥʝʡ ʚʳʩʦʪʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ. 

ʊʦʯʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʝʜʠʥʠʮ ʤʠʣʣʠʤʝʪʨʦʚ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʩʢʘʞʝʥʠʝ ʜʣʠʥ 

ʣʠʥʠʡ ʧʨʠ ʧʨʠʚʝʜʝʥʠʠ ʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʤʦʩʪʠ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 

1/200 000 (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʥʦʩʪʠ ʪʘʭʝʦʤʝʪʨʘ), ʠ ʪʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ 

ʩʦʦʪʥʦʰʝʥʠʝ: 

 
1

200.000

HS

S
. (1.5) 

ʆʪʢʫʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠ ̫ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʥʦʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʜʦʣʞʥ rʙʳʪʴ ʙʦʣʴʰʝ: 

 
6

0 6370000 5 10 32ʤH
m m
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, (1.6) 

ʪ. ʝ. ʧʨʠ ʨʘʟʥʦʩʪʠ ʜʣʠʥ ʣʠʥʠʡ ʤʝʥʴʰʝ 32 ʤ ʧʦʧʨʘʚʢʦʡ ȹSH ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ɼʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʚʦʟʚʝʜʝʥʠʝ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʜʦʨʦʞʥʳʭ ʧʫʪʝʡ, ʪʫʥʥʝʣʝʡ ʠ ʪ.ʧ., ʚʳʩʦʪʘ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚʝʩʴʤʘ ʚʝʣʠʢʘ, ʧʦʵʪʦʤʫ ʚʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʠʩʢʘʞʝʥʠʷ ʜʣʠʥʳ ʣʠʥʠʠ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʥʠʞʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʨʘʟʙʠʚʦʯʥʳʭ 

ʨʘʙʦʪ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʠ ʨʘʟʙʠʚʦʯʥʳʭ ʨʘʙʦʪʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʧʦʨʥʦʡ ʩʝʪʢʠ ʚ 

ʣʦʢʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʩ ʫʩʨʝʜʥʝʥʥʦʡ ʚʳʩʦʪʦʡ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʥʘʪʴ ʚʣʠʷʥʠʝ ʧʦʧʨʘʚʢʠ 2 (ʬʦʨʤʫʣʘ 1.2), ʚʚʝʜʝʤ 

ʩʣʝʜʫʶʱʝ ʫʩʣʦʚʠʝ:  
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ʊʦʛʜʘ: )1(2 0mRy mm . ʇʨʠ ʧʨʦʝʢʮʠʠ UTM m0= 0.9996 (6
o
 ʟʦʥʘ), ym å Ñ 

180 ʢʤ ʠʣʠ m0= 0.9999 (3
o
), ym å Ñ 90ʢʤ, ʘ ʧʨʠ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ m0= 1, 

ym å Ñ 0 ʢʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʚʳʧʦʣʥʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʠʤʝʝʪ ʣʠ ʧʣʦʱʘʜʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

m0 = 1, ʪʦ ʝʩʪʴ ʫʩʣʦʚʥʘʷ ʧʨʦʚʝʨʢʘ: 

500 20 ʢʤmY .     (1.8) 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ VN-2000 m0 = 0.9999 (UTM 3
o
 ʟʦʥʘ), |ym -500 

ʢʤ| Ò 90 ʢʤ Ñ20 ʠʣʠ 0 = 0.9996 (UTM 6
o
 ʟʦʥʘ), |ym -500 ʢʤ| Ò 180 ʢʤ Ñ20 ʢʤ. 

ɺ ʠʪʦʛʝ, ʧʨʠʥʮʠʧ ʚʳʙʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘ ʠ ʧʣʦʱʘʜʠ 

ʧʨʦʝʢʮʠʠ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʧʨʘʚʦʢ SH ʠ SG. 

ɺʣʠʷʥʠʝ ʚʝʣʠʯʠʥ ʧʦʧʨʘʚʦʢ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʚʠʜʝʪʴ ʚ 

ʪʘʙʣʠʮʝ 1.2 (ʜʣʷ ʜʣʠʥʳ ʣʠʥʠʠ 1 ʢʤ). 

ʊʘʙʣʠʮʘ 1.2 ï ʇʦʧʨʘʚʢʠ ʧʨʠ ʧʝʨʝʚʦʜʝ ʜʣʠʥʳ ʣʠʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ 

ʥʘ ʨʘʟʥʳʝ ʧʨʦʝʢʮʠʠ 

ʇʦʧʨʘʚʢʠ ʜʣʷ 

ʚʳʩʦʪ (ʤʤ) 

ʇʦʧʨʘʚʢʠ ʥʘ 

ʧʨʦʝʢʮʠʠ UTM 

(ʟʦʥʘ 6
0
 , ʤʤ) 

ʇʦʧʨʘʚʢʠ ʥʘ 

ʧʨʦʝʢʮʠʠ UTM 

(ʟʦʥʘ 3
0
 , ʤʤ) 

ʇʦʧʨʘʚʢʠ ʥʘ 

ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-

ʂʨʶʛʝʨʘ (ʤʤ) 

Hm(ʤ) SH  ym(ʢʤ) SG  ym(ʢʤ) SG  ym(ʢʤ) SG  

0 0 0 -400 0 -100 0 0 

50 -7.85 100 -276.82 50 -69.2 50 30.8 

100 -15.7 150 -122.84 90 -0.22 75 69.29 

150 -23.54 180 -0.88 110 49.05 100 123.18 

200 -31.39 200 92.74 120 77.39 120 177.4 

637 -99.98 220 196.21 130 108.18 150 277.16 

 

ʀʟ ʪʘʙʣʠʮʳ 1.2, ʩʣʝʜʫʝʪ, ʯʪʦ: 

- ʯʝʤ ʙʦʣʴʰʝ ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʣʠʥʠʠ ʠʟʤʝʨʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʧʨʘʚʢʠ, ʠ 

ʥʘʦʙʦʨʦʪ. ʅʘ ʚʳʩʦʪʝ ʨʝʬʝʨʝʥʮ-ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʘ ʧʦʧʨʘʚʢʘ ʨʘʚʥʘ 0; 
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- ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʯʝʤ ʜʘʣʴʰʝ ʣʠʥʠʷ ʦʪ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ, 

ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʧʦʧʨʘʚʢʠ, ʠ ʥʘʦʙʦʨʦʪ. ʅʘ ʦʩʝʚʦʤ ʤʝʨʠʜʠʘʥʝ ʵʪʘ ʧʦʧʨʘʚʢʘ 

ʨʘʚʥʘ 0; 

- ʚ ʧʨʦʝʢʮʠʠ UTM ʝʩʪʴ ʜʚʝ ʧʦʟʠʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʧʨʘʚʢʠ ʨʘʚʥʳ ʥʫʣʶ: ʵʪʦ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ, ʨʘʚʥʳʝ 180 ʢʤ (ʧʨʠ 6
o
 ʟʦʥʝ) ʠ 90 ʢʤ (3

o
).  

ʆʙʨʘʙʦʪʢʘ ʠʟʤʝʨʝʥʠʡ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʠʡ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʥʦʤʝʨʘʤ ʢʦʨʨʝʢʮʠʠ ʧʨʠ ʧʨʦʝʢʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʦʚʳʭ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ) ʢʦʦʨʜʠʥʘʪ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʜʦʢʫʤʝʥʪʘʭ [20, 21, 43, 42, 58] ʫʢʘʟʘʥʦ, ʯʪʦ: 

ï ʯʝʤ ʚʳʰʝ ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʣʠʥʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʥʦʤʝʨ 

ʢʦʨʨʝʢʮʠʠ, ʠ ʥʘʦʙʦʨʦʪ. ʅʘ ʚʳʩʦʪʝ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦ ʧʦʧʨʘʚʢʘ ç0è; 

ï ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʯʝʤ ʜʘʣʴʰʝ ʦʪ ʤʝʨʠʜʠʘʥʘ, ʪʝʤ ʙʦʣʴʰʝ 

ʧʦʧʨʘʚʢʘ, ʠ ʥʘʦʙʦʨʦʪ. ʅʘ ʦʩʠ ʤʝʨʠʜʠʘʥʘ ʵʪʘ ʢʦʨʨʝʢʮʠʷ ʨʘʚʥʘ ç0è.  

ʇʦʩʣʝ 2000 ʛ. ɺʴʝʪʥʘʤ ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ VN-2000, 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʫʶ ʩʠʩʪʝʤʫ WGS-84, ʧʣʦʩʢʫʶ ʧʨʦʝʢʮʠʶ UTM, ʚʳʩʦʪʥʫʶ 

ʩʠʩʪʝʤʫ ʍʦʥʟʘʫ ï ʍʘʡʬʦʥʛ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʟʥʘʯʝʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʦʝʮʠʨʦʚʘʣʠʩʴ ʥʘ ʦʧʦʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʵʣʣʠʧʩʦʠʜʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʧʣʦʩʢʦʩʪʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʫʪʦʣʱʝʥʥʳʭ ʧʦʣʦʩ ʙʫʜʫʪ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʪʘʣʦʥʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ (H = 0 ʤ). 

ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï ʵʪʦ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, 

ʚʳʙʨʘʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʦʪ ʚʳʙʦʨ ʜʦʣʞʝʥ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ ʥʫʣʶ, ʪ.ʝ. ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʝʪʢʘ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʩʢʘʞʝʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʩʦʪʘ ʧʨʦʝʢʮʠʠ ʧʣʦʩʢʦʩʪʠ 

ʚʳʙʠʨʘʝʪʩʷ ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ ʟʜʘʥʠʷ. ʆʩʝʚʦʡ ʤʝʨʠʜʠʘʥ ʚ ʚʳʙʨʘʥʥʦʡ ʧʨʦʝʢʮʠʠ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʣʦʱʘʜʴ ʟʘʩʪʨʦʡʢʠ (ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ) ʠʣʠ ʚ 

ʧʨʝʜʝʣʘʭ 90 ʢʤ ʠ 180 ʢʤ (ʚ ʧʣʦʩʢʦʡ ʧʨʦʝʢʮʠʠ UTM, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʦʥʝ 

ʧʨʦʝʢʮʠʠ ʰʠʨʠʥʦʡ 3
0
 ʠ 6

0
). 
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ɺ ʧʨʠʥʮʠʧʝ, ʚʦʟʤʦʞʝʥ ʧʝʨʝʚʦʜ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ) ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ 

ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʅʝʜʦʩʪʘʪʢʠ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʪʠ ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʪʘʨʳʭ ʩʝʪʝʡ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʣʠʙʦ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʣʠʙʦ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʨʘʙʦʪ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʯʝʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʪʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʝʪʢʠ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʪʦʯʝʢ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʚʫʭʵʪʘʧʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʨʘʩʯʝʪʘ 

ʯʝʨʝʟ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ B ʠ L. ʆʜʥʘʢʦ ʨʘʩʯʝʪ ʚʳʩʦʪ ʜʣʷ ʧʣʦʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ ʙʳʣ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʩʤʦʪʨʝʥ, ʭʦʪʷ ʵʪʦ ʯʠʩʣʦ ʦʯʝʥʴ 

ʚʘʞʥʦ. ʀʥʦʛʜʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʝʪʦʢ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʩʪʘʨʳʭ ʩʝʪʝʡ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʧʦʧʨʘʚʦʢ. ʆʥʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʫʝʤʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʘ ʩʦʟʜʘʥʥʘʷ 

ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʝʪʢʘ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʯʝʤ ʩʪʘʨʘʷ. ʕʪʠ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ 

ʩʦʟʜʘʥʠʷ ʠ ʧʝʨʝʚʦʜʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʣʦʢʘʣʴʥʫʶ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʊʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʪʘʨʦʡ ʩʝʪʠ ʤʦʛʫʪ 

ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠ 

ʧʝʨʝʥʝʩʝʥʠʝ ʚ ʢʦʦʨʜʠʥʘʪʳ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ 

ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

1.3 ʄʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ  

ɻʨʫʧʧʘ ʥʘʟʝʤʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ 

ï ʊʨʠʘʥʛʫʣʷʮʠʷ: ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʚʳʧʦʣʥʷʶʪ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠ ̫ʫʛʣʦʚ. 

ï ʇʦʣʠʛʦʥʦʤʝʪʨʠʷ (ʚʢʣʶʯʘʷ ʪʝʦʜʦʣʠʪʥʳʝ ʭʦʜʳ): ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʡ ʚ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ ʤʝʞʜʫ ʝʝ ʧʫʥʢʪʘʤʠ. 
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ï ʊʨʠʣʘʪʝʨʘʮʠʷ: ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʚʳʧʦʣʥʷʶʪ 

ʧʫʪʝʤ ʠʟʤʝʨʝʥʠ ̫ʚʩʝʭ ʩʪʦʨʦʥ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʪʘʭʝʦʤʝʪʨʳ (ʕʊ) ï ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦʙʨʘʚʰʠʡ ʚ ʩʝʙʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʣʠʥʝʡʥʦ-ʫʛʣʦʚʳʝ ʠʟʤʝʨʝʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʧʨʝʜʝʣʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʚ ʚʠʜʝ ʠʭ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʠ ʦʩʥʘʱʝʥʠʷ 

ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʝʤʥʠʢʦʚ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ ʠ ʣʘʟʝʨʥʳʭ 

ʩʢʘʥʝʨʦʚ [28]. 

ʂʘʞʜrʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ 

ʨʘʙʦʪ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ [10, 13, 9]. ʇʨʠʙʦʨʳ ʩʥʘʙʞʝʥʳ ʨʫʢʦʚʦʜʩʪʚʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ 

ʢʘʞʜʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ï ʵʪʦ ʢʦʤʧʣʝʢʩ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʧʨʦʚʦʜʠʤʳʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʝʜʠʥʩʪʚʘ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʜ ʝʜʠʥʩʪʚʦʤ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʦʥʠ 

ʧʦʣʫʯʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ 

ʚʳʨʘʞʝʥʳ ʚ ʫʟʘʢʦʥʝʥʥʳʭ ʝʜʠʥʠʮʘʭ ʩ ʦʮʝʥʢʦʡ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʥʘʜʟʦʨ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʞʝ ʠ ʚʦ ɺʴʝʪʥʘʤʝ, 

ʦʩʫʱʝʩʪʚʣʷʝʪ ɻʦʩʩʪʘʥʜʘʨʪ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʩʣʫʞʙʳ ʤʠʥʠʩʪʝʨʩʪʚ ʠ ʚʝʜʦʤʩʪʚ. 

ʄʝʪʦʜʳ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ  

ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʠʛʥʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʦʚ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʙʘʟʦʚʳʭ ʣʠʥʠʡ (ʧʨʠʨʘʱʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʫʪʥʠʢʦʚʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ) ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʧʘʨʘʤʝʪʨʘʤʠ a, b (mS = a + 

b. D. 10
-6
) ʠ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʦʚ: a = 5 ʤʤ ʠ b = 1.D.10

-6
 (D ï 

ʢʤ).  
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʦʯʥʦʩʪʠ ʘʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥʳ ʧʨʠʢʠʜʦʯʥʳʝ ʨʘʩʯʝʪʳ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʩ ʧʦʤʦʱʴʶ ʕʊ (a = 3 ʤʤ, b = 2.D.10
-6
) ʠ ʧʦ ɻʅʉʉ ï 

ʪʝʭʥʦʣʦʛʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 1.9). ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʠʩʫʥʢʠ 1.9 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʧʦʩʣʝʜʥʠʝ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʘ ʥʘ ʤʘʣʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʕʊ ʜʘʝʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʠʤʝʨʥʦ ʩ ʨʘʩʩʪʦʷʥʠʷ D > 2,3 ʢʤ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ (ʇʀ) ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ï m(ɻʅʉʉ), ʙʦʣʴʰʝ 

ʯʝʤ ʧʦʛʨʝʰʥʦʩʪʴ ʕʊ ï m(ʕʊ).  

 

ʈʠʩʫʥʦʢ 1.9 ï ɻʨʘʬʠʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʪʦʷʥʠʠ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʠ ʕʊ  

ʅʦʨʤʳ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʆʩʥʦʚʥʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʷʚʣʷʶʪʩʷ ʉʅʠʇ [2, 5, 6, 8, 14, 3, 4, 7]. 

 ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʦʩʥʦʚʘ (ʦʧʦʨʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ) ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ  

ʉʦʟʜʘʥʠʝ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ (ʆɻʉ) ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ 

ʛʦʨʦʜʘʭ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʥʢʪʦʚ ɻɻʉ. ʆɻʉ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴʩʷ 

ʤʝʪʦʜʦʤ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʧʦʢʨʳʚʘʷ ʪʝʨʨʠʪʦʨʠʶ ʛʦʨʦʜʘ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʦʡ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʠ ʦʙʳʯʥʦ ʚ 1,5-2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʠʥʘ ʣʠʥʠʷ 

ɻɻʉ (ʨʠʩʫʥʦʢ 1.10). 
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ʈʠʩʫʥʦʢ 1.10 ï ʊʨʝʫʛʦʣʴʥʘʷ ʩʝʪʴ ʆɻʉ 

 ʆɻʉ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʨʘʟʙʠʚʦʯʥʦʡ ʦʩʥʦʚʳ (ɻʈʆ) ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʉʦʟʜʘʥʠʝ ɻʈʆ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʝʨʝʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ. ʂʦʥʪʫʨʳ ʠ ʨʘʟʤʝʨʳ ʩʦʦʨʫʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʤʝʩʪʥʦʩʪʠ (ʣʘʥʜʰʘʬʪ) ʢʘʢ ʙʳ ʬʦʨʤʠʨʫʶʪ ʚʠʜ ʩʝʪʠ 

(ʨʘʩʧʦʣʦʞʝʥʠʝ, ʨʘʟʤʝʨʳ ʠ ʚʠʜ ʪʨʝʫʛʦʣʴʥʠʢʦʚ), ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʘ. ɺ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ɻʈʆ ʦʧʨʝʜʝʣʷʝʪ ʛʝʦʜʝʟʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ɺ ʩʣʫʯʘʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʨʫʧʥʦʛʦ ʦʙʲʝʢʪʘ ʨʘʟʙʠʚʦʯʥʫʶ ʩʝʪʴ ʧʨʦʝʢʪʠʨʫʶʪ 

ʥʘ ʛʝʥʧʣʘʥʝ, ʘ ʟʘʪʝʤ, ʚ ʚʠʜʝ ʩʝʪʢʠ, ʧʝʨʝʥʦʩʷʪ ʥʘ ʤʝʩʪʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʩʪʦʨʦʥʳ 

ʩʠʩʪʝʤʳ ʢʚʘʜʨʘʪʦʚ ʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʧʨʦʝʢʪʠʨʫʶʪ ʢʨʘʪʥʳʤʠ 100 ʠʣʠ 250 ʤ ʠ 

ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʷʤ ʦʩʥʦʚʥʳʭ ʟʜʘʥʠʡ. 

X

ix

Y

iy

 

ʈʠʩʫʥʦʢ 1.11 ï ʇʨʠʤʝʨ ɻʈʆ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ 
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ʅʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ (ʨʠʩʫʥʦʢ 1.11) ʚʳʙʠʨʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʛʣʘʚʥʳʤ ʦʩʷʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʨʠʚʷʟʢʫ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ɻʈʆ ʜʦʣʞʥʘ ʠʤʝʪʴ ʉʂʇ ʣʠʥʠʡ ʤʝʥʝʝ 1: 20 000 [3].  

 ʆɻʉ ʠ ɻʈʆ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʩʪʦʚ 

ʉʅʀʇ [11] ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʉʂʇ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʦʧʦʨ 

ʤʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 12 ʤʤ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʦʰʠʙʦʢ ʨʘʟʙʠʚʦʯʥʳʭ ʨʘʙʦʪ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʆɻʉ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʉʂʇ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 6 ʤʤ. 

 

ʈʠʩʫʥʦʢ 1.12 ï ʉʭʝʤʳ ʆɻʉ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʩʪʦʚ 

 ʆɻʉ ʠ ɻʈʆ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʦʥʥʝʣʷ 

ɻʈʆ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʦʥʥʝʣʷ ʢʘʢ ʧʨʘʚʠʣʦ ʩʦʟʜʘʝʪʩʷ ʥʘʟʝʤʥʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ (ɻʅʉʉ-ʧʨʠʝʤʥʠʢʠ), 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʥʠʰʘ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʘʟʝʤʥʳʭ ʤʝʪʦʜʦʚ ʚʝʩʴʤʘ ʩʦʢʨʘʪʠʣʘʩʴ. ʇʨʠ 

ʵʪʦʤ ʧʫʥʢʪʳ ɻʈʆ ʚʦʟʚʦʜʷʪ ʚʙʣʠʟʠ ʧʦʨʪʘʣʘ ʪʦʥʥʝʣʷ. ʅʘʜʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ɻʈʆ, 

ʧʦʤʠʤʦ ʥʘʟʝʤʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚ ʧʦʜʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  
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ʈʠʩʫʥʦʢ 1.13 ï ʉʭʝʤʘ ʆɻʉ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʦʥʥʝʣʷ 

ʆʪʤʝʪʢʠ ʧʫʥʢʪʦʚ ʠ ʧʦʜʟʝʤʥʦʡ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʥʠʚʝʣʠʨʦʚʘʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʨʝʧʝʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʠʚʝʣʠʨʦʚʘʥʥʦʡ ʩʝʪʠ. 

 ʆɻʉ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

 

ʈʠʩʫʥʦʢ 1.14 ï ʉʭʝʤʘ ʆɻʉ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʆɻʉ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʠʜʨʦʫʟʣʘ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʪʦʨʦʥʳ 

(0,2ï1,5 ʢʤ). ʇʫʥʢʪʳ ʩʝʪʠ ʨʘʟʤʝʱʘʶʪ ʚ ʙʣʠʟʠ ʦʪ ʦʩʥʦʚʥʳʭ ʦʩʝʡ ʩʦʦʨʫʞʝʥʠʡ 

ʛʠʜʨʦʫʟʣʘ. ʇʨʠ ʵʪʦʤ ʩʪʦʨʦʥʫ ʩʝʪʠ ʨʘʟʤʝʱʘʶʪ ʩ ʦʩʴʶ ʧʣʦʪʠʥʳ. ʌʦʨʤʘ ʩʝʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʜʣʠʥʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʣʦʪʠʥʳ, ʰʠʨʠʥʳ ʨʝʢʠ, ʥʘʣʠʯʠʷ 

ʦʩʪʨʦʚʦʚ, ʚʳʩʦʪʳ ʠ ʢʨʫʪʠʟʥʳ ʙʝʨʝʛʦʚ, ʨʘʟʤʝʨʦʚ ʩʦʦʨʫʞʝʥʠʡ ʠ ʪ.ʜ. ʊʦʯʥʦʩʪʴ 

I

X

Y

1

2

3 n

II

ʊʦʥʥʝʣʴ 

I
A

1
2 3

II

III

B X

O

̐̌̏̓̉̎ ́



30 

 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʆɻʉ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ. 

ʅʦʨʤʘʪʠʚʥʘʷ ʉʂʇ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 5ï10 

ʤʤ [1, 12]. 

ʉʦʟʜʘʥʠʝ ʆɻʉ ʢʘʢ ʧʨʘʚʠʣʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʘʤʠ ʪʨʠʘʥʛʫʣʷʮʠʠ, 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ, ʪʨʠʣʘʪʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʣʠʥʝʡʥʦ-ʫʛʣʦʚʳʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ ʠʣʠ 

ʩʧʫʪʥʠʢʦʚʳʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ. ʂʦʥʢʨʝʪʥʳʡ ʤʝʪʦʜ ʚʳʙʠʨʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ, ʘʧʨʠʦʨʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʦ ɺʴʝʪʥʘʤʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʆɻʉ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʭʝʦʤʝʪʨʘʤʠ. 

ʉʝʨʪʠʬʠʢʘʮʠʷ ʨʘʙʦʯʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ (ʈʉʀ) ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʠʥʩʪʨʫʢʮʠʠ (ɻʂʀʅʇ), 

ʨʫʢʦʚʦʜʷʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (ʈʊʄ), ʨʫʢʦʚʦʜʷʱʠʝ ʜʦʢʫʤʝʥʪʳ (ʈɼ), 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ (ɻʆʉʊ), ʦʪʨʘʩʣʝʚʳʝ ʩʪʘʥʜʘʨʪʳ (ʆʉʊ), ʥʦʨʤʳ 

ʚʳʨʘʙʦʪʢʠ ʠ ʜʨ. 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʩʣʦʚʠʣʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ. ɺ ʈʦʩʩʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʈʌ 

çʆ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠè ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ 

ʜʦʢʫʤʝʥʪʘʤ ʨʘʟʨʘʙʦʪʘʥ ʧʘʢʝʪ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʫʪʥʠʢʦʚʳʭ ʧʨʠʝʤʥʠʢʦʚ ʧʨʠ ʠʟʳʩʢʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: 

ï ɻʂʀʅʇ 17-195-99 çʀʥʩʪʨʫʢʮʠʷ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʚʝʨʢʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚè; 

ï ɻʂʀʅʇ (ʆʅʊɸ)-01-271-03 çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʛʦʨʦʜʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ɻʃʆʅɸʉʉ/GPSè; 

ï ʉʇ 47.13330.2012 çʀʥʞʝʥʝʨʥʳʝ ʠʟʳʩʢʘʥʠʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷè; 

ï ʉʇ 11-104-97 çʀʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘè; 

ï ʉʇ 126.13330.2017 çʉʅʠʇ 3.01.03-84. ʉʚʦʜ ʧʨʘʚʠʣ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝè. 
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1.4 ʊʝʭʥʦʣʦʛʠʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ 

ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ (ɻʅʉʉ) ʷʚʣʷʶʪʩʷ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ɻʃʆʅɸʉʉ 

ʠ GPS (Global Positioning System, ʉʐɸ).  

ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʛʝʦʜʝʟʠʠ. ʈʝʰʝʥʠʶ 

ʤʥʦʛʠʭ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʛʦ ʨʘʙʦʪ [20, 21, 24, 37, 38, 46].  

ɻʅʉʉ ʚʢʣʶʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʙʣʦʢʘ (ʨʠʩʫʥʦʢ 1.15): ʢʦʩʤʠʯʝʩʢʠʡ, 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ. 

 

ʈʠʩʫʥʦʢ 1.15 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

(NAVSTAR GPS ï ʉʐɸ) 

Kwajalein 
Ascencion 

Diego Garcia 

Colorado Springs 

Hawai 

˞̆̄̍̆̎̓ ̋̏̎̓̑ ̠̏̌ ̉ ̠̔̐̑́̃̌̆̎̉ ˜̝̝̏̌̈̏̃́̓̆̌̒̋̉̊ ̒̆̄̍̆̎̓ 

ɀ ̐ ̟̑̉̎̉̍́̓ ̜̑́̅̉̏̒̉̄̎́̌ ̏̓ 

̒̐̔̓̎̉̋̏̃Ƞ 

ɀ ̐ ̟̑̏̄̎̏̈̉̑̔̓ ̝̜̏̑̂̉̓́̌̎̆ 

̍̏̅̆̌̉ ̠̅̌ ̋́̇̅̏̄̏ ̒̐̔̓̎̉̋́ 

̘̑́̒̆̓ ̋̏̏̑̅̉̎́̓ 
̠̍̆̒̓̏̐̏̌̏̇̆̎̉ ̐̑̉̆̍̎̉̋́ ɉX, 
Y, Zȟ ̠̃̑̆̍Ɋ ̉ ɉɝX, ɝY, ɝZ) 

ȶɚɝɘɔɣɑɝɖɔɕ ɝɑɏɘɑəɞ  ςτ ̒̐̔̓̎̉̋́ ̎́ φ 
̖̏̑̂̉̓́ ̒ ̎́̋̌̏̎̆̎̉̆̍ 

̏̑̂̉̓ υυo  
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ʂʦʩʤʠʯʝʩʢʘʷ ʛʝʦʜʝʟʠʷ ʢʘʢ ʧʨʠʢʣʘʜʥʘʷ ʥʘʫʢʘ ʩʪʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ 

ʥʘʯʘʣʝ 1980-ʭ ʛ., ʢʦʛʜʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʫʪʥʠʢʦʚʳʝ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʳʝ 

ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʉʈʅʉ), ʪʘʢʠʝ, ʢʘʢ GPS NAVSTAR (ʨʘʟʨʘʙʦʪʯʠʢ 

ʉʐɸ) ʠ ɻʃʆʅɸʉʉ (ʉʉʉʈ). ʈʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʉʈʅʉ ʙʳʣʠ ʙʦʣʝʝ ʪʦʯʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʘʤʠ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʛʝʦʜʝʟʠʠ [20, 21, 28].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʘʷ ʛʝʦʜʝʟʠʷ, ʢʘʢ ʥʘʫʢʘ ʩʪʘʣʘ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʟʘ ʵʪʦʪ ʪʨʠʜʮʘʪʠʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʩʪʝʧʝʥʴ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʪʨʫʜʘʤʠ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ. ʆʩʦʙʳʡ ʚʢʣʘʜ ʚ 

ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʡ ʚʥʝʩ ʂ.ʄ. ɸʥʪʦʥʦʚʠʯ, 

ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣ ʤʝʪʦʜʳ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ 

ʫʯʝʪʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʰʠʙʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʦʧʦʩʬʝʨʥʦʡ 

ʠ ʠʦʥʦʩʬʝʨʥʦʡ ʟʘʜʝʨʞʢʠ, ʠʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɻʅʉʉ ʩ ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʠʭ 

ʢʘʯʝʩʪʚʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʈʦʩʩʠʠ [20, 21]. ɺ ʪʨʫʜʘʭ [32, 37, 42] ɸ.ʆ. 

ʂʫʧʨʠʷʥʦʚʘ, ʖ.ʀ. ʄʘʨʢʫʟʝ, ɺ.ɸ. ɹʦʣʜʠʥʘ, ɺ.ɸ. ʉʘʣʠʱʝʚʘ ʠ ʜʨ. ʧʨʝʜʣʦʞʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʝʜʠʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ɻʅʉʉ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʀʟ ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʥʠʡ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʤʦʥʦʛʨʘʬʠʶ ʂ. ʆʜʫʘʥʘ ʠ ɹ. ɻʠʥʦ, ʚ ʢʦʪʦʨʦʤ ʦʧʠʩʘʥʳ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʘʣʛʦʨʠʪʤʳ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɻʅʉʉ 

[64]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʝʦʜʝʟʠʠ, ʚʩʝ ʝʱʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʨʘʟʚʠʪʠʠ 

(ʩʛʫʱʝʥʠʠ) ɻɻʉ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʦʜʦʚ ʠ ʧʦʩʝʣʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʣʦʞʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʥʝʨʘʟʚʠʪʦʩʪʠ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʝʤʥʠʢʦʚ.  

ɺʴʝʪʥʘʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʳʢʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʝʛʦ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʈʝʣʴʝʬ ʩʪʨʘʥʳ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʛʦʨʥʳʡ. 
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ɹʦʣʝʝ ʪʨʝʭ ʯʝʪʚʝʨʪʝʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʠʤʘʶʪ ʛʦʨʳ, ʧʣʘʪʦ ʠ ʧʣʦʩʢʦʛʦʨʴʷ. 

ʊʝʨʨʠʪʦʨʠʷ ʪʘʢʞʝ ʦʭʚʘʪʳʚʘʝʪ ʦʩʪʨʦʚʘ ʠ ʘʨʭʠʧʝʣʘʛʠ. ʇʣʦʱʘʜʴ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ ï 500 ʪʳʩ. ʢʚ. ʢʤ. ʆʪ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ ɺʴʝʪʥʘʤ 

ʦʪʜʝʣʷʶʪ ʛʦʨʥʳʝ ʭʨʝʙʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʨʠʪʦʨʠʷ ɺʴʝʪʥʘʤʘ ʦʪʣʠʯʘʝʪʩʷ 

ʩʣʦʞʥʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʧʣʦʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, 

ʧʝʨʝʜʘʯʘ ʚʳʩʦʪ ʥʘ ʧʫʥʢʪʳ ʦʧʦʨʥʦʡ ʩʝʪʠ ʠ ʢʦʥʢʨʝʪʥʳʝ ʤʝʪʦʜʠʢʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʨʘʙʦʪ. 

ɺʴʝʪʥʘʤ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʩʚʦʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʡ ʩʝʛʦʜʥʷ ʦʩʪʨʦ 

ʠʩʧʳʪʳʚʘʝʪ ʥʝʭʚʘʪʢʫ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʠʭ ʩʛʫʱʝʥʠʝ.  

ʇʨʠʤʝʥʝʥʠʝ ɻʅʉʉ- ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʆɻʉ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʝʩʦʤʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʩʧʫʪʥʠʢʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʭʝʦʤʝʪʨʦʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʠ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ ʧʫʥʢʪʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ɻɻʉ), ʯʪʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʚʠʪʦʩʪʠ ɻɻʉ ɺʴʝʪʥʘʤʘ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʟʜʘʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚʦ ɺʴʝʪʥʘʤʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 3 ʩʧʫʪʥʠʢʦʚʳʝ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʕʪʦ, ʚʳʰʝʥʘʟʚʘʥʥʳʝ NAVSTAR GPS (ʉʐɸ) ʠ 

ɻʃʆʅɸʉʉ (ʈʦʩʩʠʷ), ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʫʝʤʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ɻʘʣʠʣʝʦ (Galileo), ʷʚʣʷʶʱʘʷʩʷ ʝʚʨʦʧʝʡʩʢʠʤ ʘʥʘʣʦʛʦʤ. ʂʠʪʘʡ ʠ ʀʥʜʠʷ 

ʪʘʢʞʝ ʟʘʷʚʣʷʶʪ ʦ ʩʦʟʜʘʥʠʠ ʩʚʦʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

COMPASS ʠ IRNSS, ʢʦʪʦʨʳʝ ʚ ʙʫʜʫʱʝʤ ʙʫʜʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ 
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ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʪʨʘʥʝ ʠ ʥʘ ʩʦʩʝʜʥʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʂʠʪʘʡʩʢʘʷ 

ʩʠʩʪʝʤʘ COMPASS ʫʞʝ ʟʘʧʫʩʪʠʣʘ ʧʠʣʦʪʥʳʡ ʧʨʦʝʢʪ ʧʦ ʩʦʟʜʘʥʠʶ ʉʈʅʉ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 3 ʩʧʫʪʥʠʢʦʚ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʃʆʅɸʉʉ, GPS ʠ 

GALILEO ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3. 

ʊʘʙʣʠʮʘ 1.3 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʈʅʉ 

ʉʈʅʉ 
ʏʠʩʣʦ 

ʀʉɿ 

ʏʠʩʣʦ 

ʦʨʙʠʪʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʧʫʪʥʠʢʦʚ ʚ 

ʦʨʙʠʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ 

ɺʳʩʦʪʘ 

ʥʘʜ 

ɿʝʤʣʝʡ, 

ʢʤ 

ʅʘʢʣʦʥʝʥʠʝ 

ʦʨʙʠʪ, ʛʨʘʜ. 

ʉʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ 

ɻʃʆʅɸʉʉ 24 3 8 19100 64,8 ʇɿ-90 

GPS 24 6 4 20145 55 WGS-84 

GALILEO 27 3 9 23200 56 - 

 

ʅʘ ʨʠʩʫʥʢʝ 1.16 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʀʉɿ ʧʦ 

ʦʨʙʠʪʘʣʴʥʳʤ ʧʣʦʩʢʦʩʪʷʤ. 

 

ʈʠʩʫʥʦʢ 1.16 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʀʉɿ ʧʦ ʦʨʙʠʪʘʣʴʥʳʤ ʧʣʦʩʢʦʩʪʷʤ 

ʆʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ ʧʨʠ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʷʭ - ʵʪʦ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʧʫʥʢʪʝ ʩʝʪʠ. ʉ ʥʠʤ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ: 

- ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʠʤʳʭ ʩʧʫʪʥʠʢʦʚ; 

- ʩʭʝʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʫʪʥʠʢʦʚ. 



35 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʠʩʢʦʤʳʭ ʧʫʥʢʪʦʚ.  

ʆɻʉ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʩʤ. ʪʘʙʣʠʮʫ 1.4 [20, 

21]). 

ʊʘʙʣʠʮʘ 1.4 ï ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ 

ʂʣʘʩʩ ʩʝʪʠ 

ɺʳʩʦʪʘ 

ʩʧʫʪʥʠʢʘ, 

ʛʨʘʜʫʩʳ 

ʏʠʩʣʦ ʚʠʜʠʤʳʭ 

ʩʧʫʪʥʠʢʦʚ 

ɺʨʝʤʷ 

ʥʘʙʣʶʜʝʥʠʡ, 

ʤʠʥ 

ʏʘʩʪʦʪʘ 

ʨʝʛʠʩʪʨʘʮʠʠ 

ʬʘʟʳ, ʩʝʢ 

I Ó 15 Ó6 Ó120 10-60 

II  Ó15 Ó6 Ó90 10-60 

III  Ó15 Ó6 Ó60 10-60 

 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʘʥʪʝʥʥʳ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 1 ʤʤ. 

ʀʟʤʝʨʝʥʠʝ ʚʳʩʦʪ rʘʥʪʝʥʥʳ ʚʳʧʦʣʥʷʶʪ ʜʚʘʞʜʳ, ʨʘʟʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷʤʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 2 ʤʤ. 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʫʨʘʚʥʠʚʘʥʠʝ, 

ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ ʦʜʥʦʟʥʘʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥʳ ʚ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ, ʠ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʪʘʣʘ ʚʳʰʝ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ). ʅʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʠ ʩʛʫʱʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ɻʅʉʉ ʚ ʩʣʦʞʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɻɻʉ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʚʳʙʦʨʝ ʤʝʪʦʜʘ 

ʫʨʘʚʥʠʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʤʦʞʝʪ ʩʪʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʦʠʩʢʘ 

ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ (ʩʦʝʜʠʥʝʥʠʝ ʧʦʠʩʢʦʚʦʛʦ ʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʝʪʦʜʦʚ). ʕʪʦ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ɻʅʉʉ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʡʩʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ɻɻʉ ɺʴʝʪʥʘʤʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʟʘʨʫʙʝʞʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ɺʴʝʪʥʘʤʝ ʙʳʣʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʦ ʠ ʚʥʝʜʨʝʥʦ ʤʥʦʛʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʦʚ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʣʶʙʳʭ ʩʦʦʨʫʞʝʥʠʡ ʪʨʝʙʫʝʪ 
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ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ. ʀʩʧʦʣʴʟʫʷ ʝʝ, ʩʦʟʜʘʶʪ ʨʘʟʙʠʚʦʯʥʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʇʨʠʤʝʥʝʥʠʝ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʚʦ ɺʴʝʪʥʘʤʝ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ 2000 ʛʛ., ʥʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʦʧʦʨʥʳʭ ʩʝʪʝʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʦʜʦʚ ʠ ʧʦʩʝʣʢʦʚ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʩʝʪʝʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʛʦʨʦʜʦʚ ʠ ʧʦʩʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʫʪʠ ʝʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ WGS-

84 ʚ ʤʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʥʳʭ ʧʨʠʨʘʱʝʥʠʡ 

ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ɺʴʝʪʥʘʤʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ 

ʚʳʩʦʪ ʧʫʥʢʪʦʚ. 

ʆʙʳʯʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠ ̫ ʚʳʩʦʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʥʠʚʝʣʠʨʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ. ɺ ʦʩʥʦʚʝ ʵʪʠʭ 

ʠʟʤʝʨʝʥʠʡ ʣʝʞʠʪ ʬʠʟʠʯʝʩʢʠʡ (ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ) ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʡ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʵʬʬʝʢʪ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦ ʚʝʩʦʚʦʤʫ ʚʝʢʪʦʨʫ. 

ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʜʝʣʷʪʩʷ ʥʘ 

ʧʣʘʥʦʚʳʝ (ʢʦʦʨʜʠʥʘʪʳ B ʠ L) ʠ ʚʳʩʦʪʥʳʝ (H
ɔ
) ʩʝʪʠ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʤʳ. 

ɻʅʉʉ ʠʟʤʝʨʝʥʠʷ ʠʤʝʶʪ ʩʫʛʫʙʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ. ʆʧʨʝʜʝʣʷʶʪʩʷ 

ʨʘʩʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʠʥʚʘʨʠʘʥʪʥʳ ʢ ʩʧʦʩʦʙʘʤ ʠʟʤʝʨʝʥʠʡ.  

ʊʦʯʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠ, ʦʩʦʙʝʥʥʦ, ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ (ɻɻʉ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʚʳʩʦʪ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʩʪʨʝʤʠʪʝʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʚʳʩʦʪ ʢʚʘʟʠʛʝʦʠʜʘ. ʆʜʥʘʢʦ ʧʦʢʘ ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʝʪ ʧʦ 

ʪʦʯʥʦʩʪʠ ʚʳʩʦʪʘʤ, ʠʟʤʝʨʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 
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ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ. 

1.5 ɸʥʘʣʠʟ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʩʦʟʜʘʥʠʶ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ 

ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉ 1984 ʛʦʜʘ ʧʨʠʣʦʞʝʥʠʷ GPS-ʠʟʤʝʨʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʟʳʩʢʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʉʪʵʥʬʦʨʜʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ 

ʉʐɸ (Stanford). 

ɺ ʘʧʨʝʣʝ 1985 ʛ. ʈ. ʈʫʣʘʥʜ (R. Ruland) ʠ ɸ. ʃʝʡʢ (A. Leick) ʦʧʫʙʣʠʢʦʚʘʣʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ GPS-ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ [101]. ɹʣʘʛʦʜʘʨʷ ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ GPS-ʧʨʠʝʤʥʠʢʦʚ ʧʨʠʥʮʠʧ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʤʥʦʛʠʭ ʦʰʠʙʦʢ ʠʩʪʦʯʥʠʢʘ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʣʫʯʘʶʪ ʚʝʢʪʦʨʳ ʧʨʠʨʘʱʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ [85, 94]. 

ɺ ɺʝʥʛʨʠʠ ʩ 1990 ʛʦʜʘ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʨʘʡʦʥʘʭ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ (Berhida) ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ, ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ (ʣʠʥʝʡʥʦ-

ʫʛʣʦʚʳʝ ʠʟʤʝʨʝʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʳʭ ʪʝʦʜʦʣʠʪʦʚ Wild T2 ʠ 

ʜʘʣʴʥʦʤʝʨʦʚ AGA 12A [91]. 

ɺ ʏʝʭʠʠ ʧʨʠʤʝʥʝʥʠʝ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʥʘʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ɺ ʘʧʨʝʣʝ 2002 ʛ. ʥʘ XXII ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (FIG), ʧʨʦʭʦʜʠʚʰʝʡ ʚ ɺʘʰʠʥʛʪʦʥʝ (Washington 

D.C. - USA), ʆʪʘʢʘʨ ʉʚʘʙʝʥʩʢʠʡ (Otakar Svabensky) ʠ ʁʦʟʝʬ ɺʝʡʛʝʣʴ (Josef 

Weigel) ʘʥʦʥʩʠʨʦʚʘʣʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʦʯʥʦʩʪʴʶ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ 

ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ. ɿʘ ʧʦʯʪʠ 10 ʣʝʪ ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ 

ʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʯʝʰʩʢʠʝ ʛʝʦʜʝʟʠʩʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Leica SKI v.2.3 ʜʣʷ ʦʙʨʘʙʦʪʢʠ ɻʅʉʉ 
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ʠʟʤʝʨʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʝʤʥʠʢʘ Leica SR 299/399 ʠ Ashtech 

Z-18 ʥʘ ʢʦʨʦʪʢʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʦʞʥʦ ʜʦʩʪʠʛʴ ʪʦʯʥʦʩʪʠ 5 ʤʤ ʚ ʧʣʘʥʝ ʟʝʤʣʠ ʠ 7 

ʤʤ ʧʦ ʚʳʩʦʪʝ [95]. 

ɺ ʂʠʪʘʝ ʚ ʢʦʥʮʝ 1990-ʭ ʛʦʜʦʚ ʛʝʦʜʝʟʠʩʪʳ ʋʭʘʥʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ɻʅʉʉ - ʩʠʩʪʝʤʫ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʣʦʪʠʥʦʡ 

ɻʝʭʝʷʥʘ ʥʘ ʨʝʢʝ ʎʠʥʮʟʷʥ (Qingjiang). ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ ɻʅʉʉ-ʩʝʪʝʡ ʩ 

ʢʦʨʦʪʢʠʤʠ ʣʠʥʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʤʤ (ʢʦʦʨʜʠʥʘʪ) ʠ 5 ʤʤ (ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʚʳʩʦʪʝ). ɺ ʢʦʥʮʝ 2003 ʛʦʜʘ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʣʦʪʠʥʳ ɻʕʉ çʊʨʠ 

ʫʱʝʣʴʷè (ʨʠʩʫʥʦʢ 1.17), ʢʦʪʦʨʘʷ ʙʳʣʘ ʢʨʫʧʥʝʡʰʝʡ ʧʣʦʪʠʥʦʡ ʚ ʤʠʨʝ, ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ɻʅʉʉ - ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

[102, 103, 108]. 

 

ʈʠʩʫʥʦʢ 1.17 ï ɺʠʜ ʧʣʦʪʠʥʳ ɻʕʉ çʊʨʠ ʫʱʝʣʴʷè (ʂʠʪʘʡ) 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʜʣʠʥʥʳʤʠ ʣʠʥʠʷʤʠ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʧʨʝʦʜʦʣʝʥʠʷ ʚʣʠʷʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʩʣʦʷ 

ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʨʘʩʩʪʦʷʥʠʡ. ɼʣʷ ʩʦʟʜʘʥʠʷ ɻʅʉʉ-ʩʝʪʝʡ ʩ ʢʦʨʦʪʢʠʤʠ 

ʣʠʥʠʷʤʠ ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʦʣʝ ʦʜʥʦʨʦʜʥʳʤ ʠ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʠʟʤʝʨʝʥʠʷ ʥʘ ʩʪʘʥʮʠʷʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʩʪʨʘʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʫʯʝʪʘ 

ʨʘʟʥʦʩʪʠ ʬʘʟ. 
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ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʣʩʷ ʩʧʝʢʪʨ ʤʝʪʦʜʠʢ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʮʝʧʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʚʢʣʶʯʝʥʦ ʧʨʠʤʝʥʝʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʥʜʝʥʮʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ʉ 28 ʜʝʢʘʙʨʷ 2012 ʛ 

ʚʚʝʜʝʥʳ ʚ ʜʝʡʩʪʚʠʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ɻʉʂ-2011 ʠ ʇɿ-90.11 

(ʇʘʨʘʤʝʪʨʳ ɿʝʤʣʠ 1990 ʛ.). 

ɺ ʈʦʩʩʠʠ ʧʨʦʨʘʙʦʪʢʦʡ ʚʦʧʨʦʩʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʥʠʤʘʣʠʩʴ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʫʯʝʥʳʝ, ʢʘʢ ɹʦʡʢʦ 

ɽ.ɻ., ɸʥʪʦʥʦʚʠʯ ʂ.ʄ., ʄʘʨʢʫʟʝ ʖ.ʀ., ɹʨʳʥʴ ʄ.ʗ., ɹʘʣʘʥʜʠʥ ɺ.ʅ.; ɺʠʥʦʛʨʘʜʦʚ 

ɸ. ɺ.; ɺʦʨʦʥʠʥ ɽ.ɻ.; ɻʝʨʘʩʠʤʝʥʢʦ ʄ.ɼ. ɿʘʨʟʫʨʘ ʌ.ʍ., ʄʘʟʫʨʦʚ ɹ.ʊ.; ʂʣʶʰʠʥ ɽ. 

ɹ.; ʆʛʦʨʦʜʦʚʘ ʃ. ɺ., ɹʘʣʙʝʢʦʚ ɸ. ɸ., ʈʝʟʥʠʢʦʚʘ ʀ. ɹ., ʖʟʝʬʦʚʠʯ ɸ. ʇ. ʠ ʜʨ. ɺʦ 

ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʟʜʘʥʳ 

ʩʧʫʪʥʠʢʦʚʳʝ ʆɻʉ ʜʣʷ ʠʟʳʩʢʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʣʠ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʛʦʨʦʜʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʧʫʪʥʠʢʦʚ ʠ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʵʬʬʝʢʪʘ ʤʥʦʛʦʧʫʪʥʦʩʪʠ, ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʫʥʢʪʦʚ ʜʦ ʝʜʠʥʠʮ ʤʠʣʣʠʤʝʪʨʦʚ.  

ʆʢʘʟʘʣʦʩʴ ʪʘʢʞʝ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʬʬʝʢʪʠʚʥʦ 

ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ɻɻʉ (ʉɻʉ-1, ʉɻʉ-2), ʥʦ ʠ ʜʣʷ ʆɻʉ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ʆʩʪʘʶʪʩʷ, ʙʝʟʫʩʣʦʚʥʦ ʥʝʨʝʰʝʥʥʳʝ ʚʦʧʨʦʩʳ. ʂ ʪʘʢʦʚʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʦʚʤʝʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ 

(ʵʣʝʢʪʨʦʥʥʳʡ ʪʘʭʝʦʤʝʪʨ). ʇʨʠʤʝʥʝʥʠʝ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘ (ʩ 2012 ʛʦʜʘ - 

ʵʣʣʠʧʩʦʠʜʳ ɻʉʂ-2011 ʠ ʇɿ-90.11 ʚ ʈʦʩʩʠʠ ʠʣʠ WGS-84 ʚ ʉʐɸ) ʷʚʣʷʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʚ ʩʝʪʷʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤʠ 

ʣʠʥʠʷʤʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʧʨʘʚʜʘʥʦ ʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʩʢʠʭ 

ʧʨʦʝʢʮʠʡ. 
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɸʙʞʘʧʘʨʦʚʦʡ ɼ.ɸ. [17, 18] ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʦʡ ʂʇ, ʢʦʪʦʨʘʷ ʤʠʥʠʤʠʟʠʨʫʝʪ ʠʩʢʘʞʝʥʠʷ ʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʝʩʪʥʦʩʪʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʧʦʣʦʞʝʥʠʡ ʥʘ ʵʣʣʠʧʩʦʠʜʝ), ʘ ʪʘʢʞʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʪʨʦʷʱʠʭʩʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʇʦʢʘʟʘʥ ʘʣʛʦʨʠʪʤ ʠ ʜʝʪʘʣʴʥʳʡ ʨʘʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ. 

ɼʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ʦʪʤʝʪʦʢ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʪʦʯʥʦʩʪʴ 

ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʦʛʦ ʚʣʠʷʥʠʷ. ɸʙʞʘʧʘʨʦʚʦʡ ɼ.ɸ. ʧʨʦʚʝʣʘ ʘʥʘʣʠʟ ʤʥʦʛʠʭ 

ʧʨʦʝʢʮʠʡ: ʃʘʤʙʝʨʪʘ, ɻʘʫʩʩʘ ï ʂʨʶʛʝʨʘ ʠ ʈʫʩʩʠʣʷ, ʠ ʩʜʝʣʘʣʘ ʩʨʘʚʥʝʥʠʝ ʩʚʦʠʭ 

ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʙʲʝʢʪʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʧʦʣʫʯʠʣʩʷ ʜʣʷ 

ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʘʤ. ʅʘ ʚʟʛʣʷʜ ʘʚʪʦʨʘ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸʙʞʘʧʘʨʦʚʦʡ ɼ.ɸ. ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʠ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʦʟʜʘʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʚʝʩʴʤʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʛʦʨʠʩʪʳʭ 

ʨʝʛʠʦʥʦʚ. 

ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʖʥʝʩʘ ɾ.ɸ. [79, 80]. 

ʈʝʯʴ ʠʜʝʪ ʦ ʚʳʙʦʨʝ ʩʠʩʪʝʤʳ ʧʣʦʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʦʨʥʳʭ ʩʝʪʝʡ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʰʠʨʦʪ. ʅʘ ʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʜʦʢʘʟʘʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠ ̫ʧʨʦʝʢʮʠʠ ʄʝʨʢʘʪʦʨʘ ʜʣʷ ʨʝʛʠʦʥʦʚ ʥʠʟʢʠʭ ʰʠʨʦʪ. ɼʘʥʳ ʩʨʘʚʥʝʥʠʷ 

ʧʨʦʝʢʮʠʡ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʠ ʄʝʨʢʘʪʦʨʘ. ʇʨʠʚʝʜʝʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʩ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ. ʉʦʟʜʘʥʘ ʆɻʉ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʦʚʦʛʦ ʛʦʨʦʜʘ ʚ ʉʘʫʜʦʚʩʢʦʡ ɸʨʘʚʠʠ. ɸʚʪʦʨ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚ 2008 ʛʦʜʫ ʛʣʦʙʘʣʴʥʫʶ ʤʦʜʝʣʴ EGM-2008 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ. ɿʜʝʩʴ ʥʘʜʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʝʸ ʧʦʢʘ ʥʝ ʜʦʩʪʘʪʦʯʥʘ, 

ʯʪʦʙʳ ʝʝ ʧʨʠʤʝʥʷʪʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʚʠʜʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʆɻʉ. ɼʘʣʝʝ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ ʧʨʠʤʝʥʝʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʜʘʣʦ ʙʳ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ.  

ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʨʘʢʪʠʢʝ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ɺ ʨʘʙʦʪʝ [65] ʄʘʥʫʵʣʴ ʊ.ʉ. ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʫʪʥʠʢʦʚʳʭ 



41 

 

ʠʟʤʝʨʝʥʠʡ ʚʳʷʚʣʷʣ ʜʝʬʦʨʤʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʪʘʢʞʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʠ ʚ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʠʤʝʨ [39, 41, 51, 58, 61, 74], ʛʜʝ ʛʦʚʦʨʠʪʩʷ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ 

ʨʘʙʦʪʳ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʦʥʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʚ ʥʠʭ ʧʨʠʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ, ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʩʦʟʜʘʥʠʝ ʆɻʉ ʜʣʷ ʠʟʳʩʢʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ɺʴʝʪʥʘʤʘ (ʅʛʫʝʥ ɺʴʝʪ ʍʘ, ʏʘʥ 

ʂʭʘʥʴ, ʅʛʫʝʥ ʂʫʘʥʛ ʌʫʢ, ʃʝ ʏʫʥʛ ʊʴʦʥ, ʌʘʤ ʍʦʘʥʛ ʃʘʥ, ʍʦʘʥʛ ʅʛʦʢ ʍʘ, ʅʛʫʝʥ 

ɿʫʡ ɼʦ, ɺʫ ʍʦʥʛ ʂʫʦʥʛ ʠ ʜʨ.) [56, 57, 71, 93, 98, 106]. ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʦʥʠ 

ʦʩʚʝʪʠʣʠ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʧʫʥʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ɺʦ ɺʴʝʪʥʘʤʝ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʦʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ɺʴʝʪʥʘʤʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʢʦʥʬʝʨʝʥʮ-ʮʝʥʪʨ, ʩʪʘʜʠʦʥ ʄʠʜʠʥʴ (ʍʘʥʦʡ), ʮʝʤʝʥʪʥʳʡ ʟʘʚʦʜ 

ʊʭʘʡʥʛʫʝʥ (ʧʨʦʚʠʥʮʠʷ ʊʭʘʡʥʛʫʝʥ), ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ ɿʫʥʛʢʫʘʪ ʠ 

ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ ʦʙʲʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʰʦʩʩʝ ʍʦʰʠʤʠʥʘ, ʧʨʦʭʦʜʷʱʝʝ ʯʝʨʝʟ ʚʦʩʪʦʢ 

ʦʪ ʏʳʦʥʛʰʦʥ ʚ ʛʦʨʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 115 ʢʤ. ʉʝʪʴ 

ʩʦʩʪʦʷʣʘ ʠʟ 40 ʧʫʥʢʪʦʚ ɻʅʉʉ IV ʢʣʘʩʩʘ, ʰʦʩʩʝ ʅʠʥʴʙʠʥʴ - ʊʭʘʥʴʭʦʘ ʠʤʝʝʪ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ 120 ʢʤ, 39 ʧʫʥʢʪʦʚ IV ʢʣʘʩʩ.  

ɼʝʧʘʨʪʘʤʝʥʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʍʘʥʦʷ ʧʨʦʚʝʣ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʪʝʤʫ çʇʨʦʮʝʩʩ 

ʠʟʤʝʨʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʚ ʍʘʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ - 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʕʊè. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ -

ʪʝʭʥʦʣʦʛʠʡ ʠ ʕʊ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʝʪʝʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʧʝʨʝʜʘʯʠ ʦʩʠ ʠ 

ʦʪʤʝʪʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ. ʊʝʤʳ ʪʘʢʞʝ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ɻʅʉʉ -ʠʟʤʝʨʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʪʘʢʠʭ 

ʢʘʢ ʍʘʥʦʡ, ʛʜʝ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ ʚʳʟʳʚʘʶʪ ʧʦʤʝʭʠ ʩʠʛʥʘʣʘ ʠ ʚʳʟʳʚʘʶʪ ʦʰʠʙʢʠ 

ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. ɺ ʵʪʦʤ ʧʨʦʝʢʪʝ ʨʝʘʣʠʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ ʠ ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʘʯʠ ʦʪʤʝʪʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ 
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ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʶʞʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 16-ʵʪʘʞʥʦʛʦ (ʚʳʩʦʪʘ 61 

ʤ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʚ 

ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ, ʩ 2008 ʧʦ 2010 ʛʦʜ, ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ɺʴʝʪʥʘʤʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʝʘʣʠʟʦʚʘʣ ʧʨʦʝʢʪ çʀʩʩʣʝʜʦʚʘʪʴ ʠ 

ʧʨʝʜʣʦʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʪʦʯʥʦʡ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʜʚʠʛʦʚ ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝè. ʂʦʤʘʥʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʚʳʧʦʣʥʠʣʘ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʜʝʬʦʨʤʘʮʠʠ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ 

ʂʘʤʬʘ ʚ ʧʷʪʴ ʮʠʢʣʦʚ (ʨʠʩʫʥʦʢ 1.18). ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʵʪʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʥʝʜʘʚʥʦ ʧʦʩʪʨʦʝʥʥʘʷ ʧʣʦʪʠʥʘ ɹʘʡʪʳʣʦʥʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ 

ʦʧʨʝʜʝʣʠʣʠ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʡ. ʉʢʦʨʦʩʪʠ ʩʦʩʪʘʚʠʣʠ ʦʪ 5 ʤʤ 

/ ʛʦʜ ʜʦ 11 ʤʤ / ʛʦʜ. 

 

ʈʠʩʫʥʦʢ 1.18 ï ʊʨʫʙʯʘʪʘʷ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʤʘʨʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʡ 

ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʮʝʤʝʥʪʥʦʤ ʟʘʚʦʜʝ ʂʘʤʬʘ (ɺʴʝʪʥʘʤ) 

ʉʝʛʦʜʥʷ ʧʣʘʥʦʚʦʝ ʠ ʚʳʩʦʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʡ. 

ɻʅʉʉ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ï ʵʪʦ ʩʘʤʳʡ 

ʩʦʚʨʝʤʝʥʥʳʡ, ʫʥʠʚʝʨʩʘʣʴʥʳʡ, ʪʦʯʥʳʡ ʠ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʣʶʙʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʦ ʦʥ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʚ 

ʨʘʡʦʥʘʭ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ. 
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ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʤʦʞʥʦ ʩʜʝʣʘʪ ɹʚʳʚʦʜ, ʯʪʦ 

ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʈʦʩʩʠʠ ʧʦʟʚʦʣʷʝʪ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚʦ ɺʴʝʪʥʘʤʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʪʝʢʘʶʪ ʚʦʧʨʦʩʳ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʆɻʉ. ʊʨʝʙʫʝʪ ʯʠʩʣʝʥʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ 

ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʟʘʜʘʯʠ.  

1.6 ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʴʝʪʥʘʤʘ 

ɺ 1959 ʛʦʜʫ ʥʘʯʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ 

ʚʦ ɺʴʝʪʥʘʤʝ. ʇʝʨʚʳʡ ʵʪʘʧ: 1959-1963 ʛʛ. ɻʋɻʂ ɺʴʝʪʥʘʤʘ ʟʘʚʝʨʰʠʣʘ ʠʟʤʝʨʝʥʠʷ 

ʩʝʪʠ ʪʨʠʘʥʛʫʣʷʮʠʠ I ʠ II ʢʣʘʩʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ɺʴʝʪʥʘʤʘ. ɺ ʵʪʦʡ 

ʩʝʪʠ ʠʤʝʝʪʩʷ 339 ʧʫʥʢʪʦʚ I ʢʣʘʩʩʘ ʠ 696 ʧʫʥʢʪʦʚ II ʢʣʘʩʩʘ, 13 ʚʳʭʦʜʥʳʭ ʩʪʦʨʦʥ, 

28 ʧʫʥʢʪʦʚ ʃʘʧʣʘʩʘ. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʪʦʨʦʥ ʪʨʠʘʥʛʫʣʷʮʠʠ I ʢʣʘʩʩʘ ï 25 ʢʤ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ï 42 ʢʤ. ʄʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ï 9 ʢʤ. ʉʨʝʜʥʷʷ ʜʣʠʥʘ 

ʩʪʦʨʦʥ ʪʨʠʘʥʛʫʣʷʮʠʠ II ʢʣʘʩʩʘ ï 14 ʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ï 27 ʢʤ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ï 5 ʢʤ. 

ʉ 1988 ʧʦ 1990 ʛ. ʧʦʩʪʨʦʝʥʘ ʩʝʪʴ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ II ʢʣʘʩʩʘ ʥʘ ʶʛʝ 

ɺʴʝʪʥʘʤʘ. ɺ ʵʪʦʡ ʩʝʪʠ ʠʤʝʝʪʩʷ 175 ʧʫʥʢʪʦʚ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ II ʢʣʘʩʩʘ. 

ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ ʚʦ ɺʴʝʪʥʘʤʝ ʧʨʠʤʝʥʷʣʠʩʴ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʳʣʦ ʚ 

ʦʙʣʘʩʪʷʭ: ʄʠʥʴʭʘʡ, ʐʦʥʛʙe, ʊʭʘʡʥʛʫʝʥ, ʛʜʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʧʫʪʥʠʢʦʚʳʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ 117 ʧʫʥʢʪʘʭ [54, 77]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʥʘ ʦʩʪʨʦʚʝ ʏʘʥʰʘ (ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʦʩʪʨʦʚ ɺʴʝʪʥʘʤʘ), ʩʦʟʜʘʥʘ ʦʧʦʨʥʘʷ 

ʩʝʪʴ ʠʟ 36 ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ, ʢʦʪʦʨʫ  ʁ çʩʚʷʟʘʣʠè ʩ ɻɻʉ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʨʘʙʦʪ ʫʜʘʣʦʩʴ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʴʶ ʩʦʝʜʠʥʠʪʴ ʦʩʪʨʦʚʦʚ ʩ 

ʤʘʪʝʨʠʢʦʤ, ʯʪʦ ʨʘʥʝʝ ʩʜʝʣʘʪ ɹ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ 

(ʨʠʩʫʥʦʢ 1.19). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɻɻʉ, ʩʦʟʜʘʥʥʦʡ ʧʦ ɻʅʅʉ-ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1.5.  
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ʈʠʩʫʥʦʢ 1. 19 ï ʉʭʝʤʘ ʩʝʪʠ ʢʣʘʩʩʘ ç0è, ʚʢʣʶʯʘʷ ʦʩʪʨʦʚʘ 

ʀʩʪʦʯʥʠʢ: ʧʦ ʜʘʥʥʳʤ [104] 
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ʊʘʙʣʠʮʘ 1.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɻɻʉ 

ˉ 

ʧ/ʧ 

ʅʘʟʚʘʥʠʝ 

ʦʙʣʘʩʪʝʡ 

ʏʠʩʣʦ 

ʧʫʥʢʪʦʚ 

ʅʘʠʙʦʣʝʝ 

ʜʣʠʥʥʘʷ ʩʪʦʨʦʥʘ, 

ʢʤ 

m0, 

ʤ 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ 

ʩʪʦʨʦʥ, ms/s 

1 ʄʠʥʴ ʍʘʡ -15 40 0,033 1/550 000 ï 1/1 600 000 

2 ʐʦʥʛ ɹe 37 42 0,040 1/500 000 ï1/1 700 000 

3 ʊʭʘʡ ʅʛʫʝʥ 65 45 0,089 1/240 000 ï 1/1 750 000 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʩʝʪʠ I ʠ II ʢʣʘʩʩʦʚ ʚ 1995 ʛ. 

ʧʦʩʪʨʦʝʥʘ ʩʝʪʴ ʢʣʘʩʩʘ ç0è ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ. ɺʳʙʨʘʥʦ 68 

ʧʫʥʢʪʦʚ I ʠ II ʢʣʘʩʩʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ɻʅʉʉ. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʪʦʨʦʥʳ ʤʝʞʜʫ 

ʙʣʠʞʘʡʰʠʤʠ ʪʦʯʢʘʤʠ ʩʦʩʪʘʚʠʣʘ 70 ʢʤ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩʛʫʱʝʥʠʷ ʚʦ ɺʴʝʪʥʘʤʝ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ ʚʦ ɺʴʝʪʥʘʤʝ ʩʦʟʜʘʶʪʩʷ 1, 2, 3 ʢʣʘʩʩʦʚ. 

ʆʥʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʧʫʥʢʪʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 20 - 25 ʢʤ (1 ʢʣʘʩʩʘ), 10 - 15 ʢʤ (2 ʢʣʘʩʩʘ), 5 - 7 ʢʤ (3 

ʢʣʘʩʩʘ). ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʴʶ ɺʴʝʪʥʘʤʘ 1, 2, 3 ʢʣʘʩʩʘ ʜʦʩʪʘʪʦʯʥʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʛʫʱʝʥʠʠ ɻɻʉ. 

ɺʦ ɺʴʝʪʥʘʤʝ ʧʨʠʤʝʥʝʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ɻʉʉ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ 

ʩʦʟʜʘʥʠʷ ʥʘʟʝʤʥʳʭ ʩʝʪʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʜʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʦ ɺʴʝʪʥʘʤʝ ʧʨʠ 

ʠʤʝʶʱʠʤʩʷ ʦʧʳʪʝ ʩʦʟʜʘʥʠ ̫ʆɻʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʠ ʚ ʮʝʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ. 

ʈʘʥʴʰʝ ʚʦ ɺʴʝʪʥʘʤʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʦʟʜʘʚʘʣʠʩʴ ʆɻʉ ʤʝʪʦʜʦʤ 

ʪʨʠʘʥʛʫʣʷʮʠʠ. ʉ 2000 ʛ. ʆɻʉ ʩʦʟʜʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʭʝʦʤʝʪʨʠʝʡ, ʦʜʥʘʢʦ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩ ʦʧʠʩʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʡ ʚʦ ɺʴʝʪʥʘʤʝ ʥʝʪ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʧʫʪʥʠʢʦʚʦʡ 
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ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʩʝʪʝʡ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. 

ɺʳʙʦʨ ʢʣʘʩʩʘ ɻɻʉ ʟʘʚʠʩʠʪ ʦʪ ʢʣʘʩʩʘ ʩʝʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʦʙʲʝʢʪʦʚ 

ʩʦʦʨʫʞʝʥʠʷ (ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʠʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʝʪʠ, 

ʩʦʟʜʘʚʘʝʤʦʡ ʥʘ ʨʘʚʥʠʥʥʦʤ ʨʝʣʴʝʬʝ, ʧʫʥʢʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ. ʅʦ ʜʣʷ 

ʩʝʪʠ ʚ ʛʦʨʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʦʚ ʙʫʜʝʪ ʥʝʨʘʚʥʦʤʝʨʥʳʤ. 

  

ʈʠʩʫʥʦʢ 1.20 ï ɺʠʜ ʧʫʥʢʪʘ ɻɻʉ  

(ʥʘʟʝʤʥʳʡ)  

ʈʠʩʫʥʦʢ 1.21 ï ɺʠʜ ʧʫʥʢʪʘ ɻʉʉ  

(ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ) 

ʂʘʢ ʠ ʧʫʥʢʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʧʫʥʢʪʳ ʩʝʪʝʡ 

ʩʛʫʱʝʥʠʷ ʟʘʢʨʝʧʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʟʥʘʢʘʤʠ. 

ɺʦ ɺʴʝʪʥʘʤʝ ʧʦʩʪʨʦʝʥʠʝ ɻʉʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɻʅʉʉ ʩʪʘʥʦʚʷʪʩʷ 

ʧʦʧʫʣʷʨʥʳʤ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʘʷ ʪʦʯʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʩʝʘʥʩʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ~ 40 ʤʠʥ. 

ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʫʥʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʣʘʥʦʚʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʦʢʣʘʜʳʚʘʶʪ ʩʝʪʴ 4-ʛʦ ʢʣʘʩʩʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʤʝʪʴ 

ʥʝʢʦʪʦʨʦʝ ʦʪʣʠʯʠʝ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ. ɽʩʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʢʤ ʦʪ ʛʨʘʥʠʮ 

ʫʯʘʩʪʢʦʚ ʨʘʙʦʪ ʦʪʩʫʪʩʪʚʫʶʪ ʧʫʥʢʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʠ 

ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 20 ʢʤ
2
 (ʜʣʷ ʩʲʝʤʢʠ ʚ ʤʘʩʰʪʘʙʝ 1:2000 ʠ 

ʢʨʫʧʥʝʝ), ʪʦ ʩʝʪʠ ʩʛʫʱʝʥʠʷ ʩʪʨʦʷʪ ʢʘʢ ʣʦʢʘʣʴʥʳʝ. ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ 

ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʠʥ ʩʪʦʨʦʥ. ʊʦʯʥʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥ ʩʪʦʨʦʥ.  
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ʆʙʦʙʱʘʷ ʦʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚʦ 

ɺʴʝʪʥʘʤʝ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʩʧʫʪʥʠʢʦʚʳʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʦʢʫʤʝʥʪʘʭ, ʢʦʪʦʨʳʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʦʪʤʝʯʝʥʳ ʩʚʝʜʝʥʠ ̫ ʦ ʤʝʪʦʜʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʧʦʨʥʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʩʦʟʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʩʯʝʪ ʠʭ ʪʦʯʥʦʩʪʠ. ʄʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʝʪʝʡ ʚ ʛʦʨʠʩʪʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ɺʴʝʪʥʘʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʦʩʪʨʦʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʠ ʦʧʦʨʥʳʭ ʩʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʮʝʣʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʥʠʚʝʣʠʨʥʘʷ ʩʝʪʴ ɺʴʝʪʥʘʤʘ  

ɺʳʩʦʪʥʘʷ ʩʝʪʴ ɺʴʝʪʥʘʤʘ ʥʘʯʠʥʘʣʘ ʩʦʟʜʘʚʘʪʴʩʷ ʚ 1959 ʛ. ʥʘ ʩʝʚʝʨʝ ʩʪʨʘʥʳ. 

ɺ 1964 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ɺʴʝʪʥʘʤʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚʳʩʦʪʥʘʷ ʩʝʪʴ I 

ʢʣʘʩʩʘ. ʆʙʱʘʷ ʝʝ ʜʣʠʥʘ ï 1175 ʢʤ. ʉʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʣʠʥʠʡ: çʍʘʥʦʡ ï 

ʍʘʡʬʦʥè, çʍʘʥʦʡ ï ɼʦʥʛʜʘʥʛè, çʍʘʥʦʡ ï ʃʘʦʢʘʡè, çʍʘʥʦʡ ï ɺʠʥʴʣʦʥʴè. ʇʨʠ 

ʥʠʚʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʠʚʝʣʠʨ çNi004è ʠ ʠʥʚʘʨʥʳʝ ʨʝʡʢʠ. ʊʦʯʥʦʩʪʴ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʰʠʙʢʘʤʠ ʥʘ 1 ʢʤ: ʩʣʫʯʘʡʥʘʷ ï 

0,38 ʤʤ/ʢʤ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ï 0,05 ʤʤ/ʢʤ. ʅʘ ʦʩʥʦʚʝ ʥʠʚʝʣʠʨʦʚʘʥʠʷ I ʢʣʘʩʩʘ 

ʩʪʨʦʷʪʩʷ ʭʦʜʳ ʥʠʚʝʣʠʨʦʚʘʥʠʷ II ʢʣʘʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ 12 ʣʠʥʠʡ ʜʣʠʥʦʡ 2420 

ʢʤ. ʊʦʯʥʦʩʪʴ ʥʠʚʝʣʠʨʦʚʘʥʠʷ: ʩʣʫʯʘʡʥʘʷ ï 0,55 ʤʤ/ʢʤ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ï 0,06 

ʤʤ/ʢʤ. ʉ 1962 ʧʦ 1974 ʛ. ʧʦʩʪʨʦʝʥʘ ʩʝʪʴ III ʠ IV ʢʣʘʩʩʦʚ ʜʣʠʥʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 2792 ʢʤ ʠ 7524 ʢʤ. 

ʉ 1981 ʧʦ 1991 ʛʛ. ʚʳʧʦʣʥʷʣʦʩʴ ʧʦʚʪʦʨʥʦʝ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʥʘ ʩʝʚʝʨʝ 

ɺʴʝʪʥʘʤʘ ʠ ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʩʝʪʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʚ ʖʞʥʦʤ ɺʴʝʪʥʘʤʝ. ʆʙʱʘʷ 

ʜʣʠʥʘ ʩʝʪʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ I ʢʣʘʩʩʘ ʨʘʚʥʘ 5096 ʢʤ, ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ 11 ʣʠʥʠʡ. 

ʉʝʪʴ ʥʠʚʝʣʠʨʦʚʘʥʠʷ II ʢʣʘʩʩʘ ʠʤʝʝʪ 43 ʣʠʥʠʠ ʜʣʠʥʦʡ 4515 ʢʤ. 

ʉʦʟʜʘʚʘʝʤʫʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʥʠʚʝʣʠʨʥʫʶ ʩʝʪʴ ʥʘʤʝʯʝʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ 

ʥʘ ʥʠʚʝʣʠʨʥʳʝ ʩʝʪʠ I, II, III ʠ IV ʢʣʘʩʩʦʚ, ʧʨʠʥʷʪʴ ʥʦʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʚʳʩʦʪ. 
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ʘ) I ʢʣʘʩʩ ʙ) II ʢʣʘʩʩʘ ʚ) III ʢʣʘʩʩʘ 

ʈʠʩʫʥʦʢ 1.22 ï ʉʭʝʤʘ ʚʳʩʦʪʥʳʭ ʥʠʚʝʣʠʨʥʳʭ ʩʝʪʝʡ ɺʴʝʪʥʘʤʘ:  

ʘ) ʩʝʪʴ I ʢʣʘʩʩʘ; ʙ) ʩʝʪʴ II ʢʣʘʩʩʘ; ʚ) ʩʝʪʴ III ʢʣʘʩʩʘ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʨʝʧʝʨʘʤʠ ʚ ʥʠʚʝʣʠʨʦʚʦʯʥʳʭ ʩʝʪʷʭ 

ɺʴʝʪʥʘʤʘ, ʪʦ ʦʥʦ ʦʪʚʝʯʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠʥʩʪʨʫʢʮʠʠ [84]. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʚʝʣʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ʨʷʜʝ ʨʘʡʦʥʦʚ 

ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ɹʝʟʫʩʣʦʚʥʦ, ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦ ʨʝʧʝʨʦʚ 

ʫʪʨʘʯʝʥʦ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʝʩʴʤʘ ʚʘʞʥʦʛʦ ʚʦʧʨʦʩʘ. 

ʆʙ ʦʧʨʝʜʝʣʝʥʠʠ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ. 

ɺʦ ɺʴʝʪʥʘʤʝ ʥʦʨʤʘʣʴʥʳʝ ʚʳʩʦʪʳ ʪʦʯʝʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʠʩʪʝʤʝ VN-2000 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʷ ʬʫʪʰʪʦʢʘ ʍʦʥʟʘʫ ʚ ʛʦʨʦʜʝ ʍʘʡʬʦʥʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ ʥʝʪ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʣʘʥʦʚʦʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʪʦʯʢʠ ʥʘʧʨʷʤʫʶ ʥʝ ʨʝʰʘʝʪʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʪ ʩ ʧʦʤʦʱʴʶ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ. 
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ʇʨʠ ʵʪʦʤ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʥʠʚʝʣʠʨʦʚʦʯʥʳʭ 

ʨʘʙʦʪ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ, 

ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ ʪʦʯʢʠ ʧʦ ɻʅʉʉ ʦʧʨʝʜʝʣʝʥʠʷʤ ʠ ʙʝʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ. 

ʄʘʣʝʥʴʢʠʝ ʧʦʷʩʥʝʥʠʷ: ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ 

ʧʦʣʫʯʘʶʪ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʳʩʦʪʳ ʧʦʣʫʯʘʶʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʠ ʠʭ ʩʣʝʜʫʝʪ 

ʧʝʨʝʚʝʩʪʠ ʚ ʥʦʨʤʘʣʴʥʳʝ. ʇʨʦʚʝʜʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 

ʪʨʫʜʦʝʤʢʘʷ ʨʘʙʦʪʘ, ʯʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-

ʪʝʭʥʦʣʦʛʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʚʳʩʦʪʘʤ, 

ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʝ.  

ɺʦ ɺʴʝʪʥʘʤʝ ʝʩʪʴ ʧʨʠʤʝʨʳ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ ʛʝʦʠʜʘ (EGM96, EGM2008). ɺ 2009 ʛ. ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʢʚʘʟʠʛʝʦʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

EGM2008 ʚ ʖʞʥʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʨʝʛʠʦʥʝ [104]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʛʝʦʠʜʘ ʵʪʦʡ ʤʦʜʝʣʠ 

ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 0,2 ʤ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʪʦʯʥʦʩʪʠ IV ʢʣʘʩʩʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʦʜʝʣʠ ʚʩʝʛʦ ɺʴʝʪʥʘʤʘ. 

ʉʪʘʪʫʩ ʜʘʥʥʳʭ ɻʅʉʉïʥʠʚʝʣʠʨʦʚʘʥʠʷ ʚʦ ɺʴʝʪʥʘʤʝ 

ʉʝʪʴ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ɼʝʧʘʨʪʘʤʝʥʪʦʤ ʛʝʦʜʝʟʠʠ ʠ 

ʢʘʨʪʦʛʨʘʬʠʠ ɺʴʝʪʥʘʤʘ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʝʪʝʡ 

ɻʅʉʉ ʚʦ ʚʩʝʡ ʩʪʨʘʥʝ ʚʢʣʶʯʘʝʪ 29 ʩʝʪʝʡ ʠ 1054 ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ɻʅʉʉ. 

+ 24 ʩʝʪʠ ɻʅʉʉ, 954 ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ ɻʅʉʉ. 

+ ʉʝʪʠ ɻʅʉʉ ʃʘʦʩʘ, 14 ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ɻʅʉʉ. 

+ ʉʝʪʴ ɻʅʉʉ ʜʝʣʴʪʘ ʨʝʢʠ ʄʝʢʦʥʛ, 40 ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ɻʅʉʉ. 

+ ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʝʪʴ ɻʅʉʉ, 36 ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ɻʅʉʉ. 

+ ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʝʪʴ ɻʅʉʉ, 215 ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ɻʅʉʉ. 

+ ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʝʪʴ ɻʅʉʉ ʜʣʷ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ. 
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ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʜʦʧʦʣʥʝʥʠʷ ʢ ʖʛʦ-ʚʦʩʪʦʯʥʦʤʫ ʨʝʛʠʦʥʫ ʩʝʪʴ ɻʅʉʉ-

ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ 1009 ʪʦʯʝʢ. ʆʥʘ ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ 21 ʤʘʷ 2010 ʛʦʜʘ ʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

+ 820 ʪʦʯʝʢ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ (234 ʪʦʯʢʠ I ʢʣʘʩʩʘ, 200 ʪʦʯʝʢ II ʢʣʘʩʩʘ, 

386 ʪʦʯʝʢ III ʢʣʘʩʩʘ); 

+ ʪʦʯʢʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʚʳʩʦʢʠʭ ʢʣʘʩʩʦʚ: 136 ʪʦʯʝʢ ʪʨʠʘʥʛʫʣʷʮʠʠ I, II 

ʢʣʘʩʩʘ; 

+ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ɻʅʉʉ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ: 53 ʪʦʯʢʠ. 

ʇʣʦʪʥʦʩʪʴ ʪʦʯʝʢ ʩʝʪʢʠ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʪʦʯʥʦʩʪʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ. 

1.7 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ ʦ ʩʧʦʩʦʙʘʭ ʩʦʟʜʘʥʠʷ 

ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʜʣʷ ʠʟʳʩʢʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ 

ʩʣʝʜʫʶʱʝʝ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʢʦʨʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʶ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʩʝʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʢʨʳʣʠʩʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʝʢʮʠʡ ʜʣʷ ʧʣʦʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. ɺʩʝ ʙʦʣʴʰʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʝʢʮʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʙʦʪ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʪʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ.  

ʅʘ ʚʟʛʣʷʜ ʘʚʪʦʨʘ, ʚʢʫʧʝ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʷʩʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʘʨʪʦʛʨʘʬʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʣʦʩʢʠʤʠ 

ʧʨʦʝʢʮʠʷʤʠ, ʘʣʛʦʨʠʪʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʤʘʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʚ ʵʪʦʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠ ʬʦʨʤʫʣʳ 



51 

 

ʜʣʷ ʫʨʘʚʥʠʚʘʥʠʷ ɻʅʉʉ-ʩʝʪʝʡ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʨʘʚʥʠʚʘʥʠʶ ɻʅʉʉ ʚ ʦʩʥʦʚʥʦʤ ʢʘʩʘʶʪʩʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʨʝʰʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʭ ʩʝʪʝʡ. ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʡ 

ʩʠʩʪʝʤʳ ʧʣʦʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʤʘʣʦʠʟʫʯʝʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ (UTM ʠʣʠ ɻʘʫʩʩ) ʥʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ 

ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ) ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʜʝʬʦʨʤʘʮʠʷʤ. ʉʥʘʯʘʣʘ 

ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʘʣʛʦʨʠʪʤʦʤ ʧʝʨʝʚʦʜʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ; ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʠ ʟʦʥʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʝ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ; ʚʳʷʚʠʪʴ 

ʦʙʣʘʩʪʠ ʚ ʟʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠ ʨʘʟʤʝʨʳ ʣʦʢʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ; ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ ʵʪʦʡ ʧʨʦʝʢʮʠʠ ʚ ʜʨʫʛʫʶ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ 

ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ.  

ʀʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʦʨʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʥʦ 

ʜʣʷ ɺʴʝʪʥʘʤʘ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʠʟʫʯʝʥʥʦʩʪʠ ʚʦʧʨʦʩʘ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

o ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ.  

o ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʠʟʳʩʢʘʥʠʡ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

o ʇʨʦʚʝʨʢʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʦʨʥʦʡ ʩʝʪʠ ʥʘ 

ʦʙʲʝʢʪʘʭ ɺʴʝʪʥʘʤʘ. 
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ɻʃɸɺɸ 2 ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʇɽʈɽɺʆɼɸ ʀ ʊʆʏʅʆʉʊʀ 

ʂʆʆʈɼʀʅɸʊ ɻɽʆɼɽɿʀʏɽʉʂʆʁ ʆʉʅʆɺʓ ʅɸ 

ʊʆʇʆʎɽʅʊʈʀʏɽʉʂʆʁ ʇʈʆɽʂʎʀʀ 

ɺʥʝʜʨʝʥʠʝ ʚ ʞʠʟʥʴ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʧʨʠ 

ʠʟʳʩʢʘʥʠʷʭ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʙʠʚʦʯʥʳʭ ʨʘʙʦʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʝʨʝʚʦʜ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʫʯʘʝʤʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ, ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʣʦʢʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʦʨʤʘʣʴʥʦ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. ʇʨʝʞʜʝ 

ʚʩʝʛʦ ʪʘʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ) ʙʫʜʝʪ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʠʙʣʠʞʝʥʘ ʢ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʝʥʠʝ 

ʵʪʠʤ ʦʪʢʣʦʥʝʥʠʝʤ ʠ ʚʳʙʦʨ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʦʪʚʝʯʘʶʱʝʡ ʟʘʜʘʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʪʦʯʥʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ 

ʙʝʟʫʩʣʦʚʥʦ ʧʦʟʚʦʣʠʪ ʪʦʯʥʝʝ ʚʳʥʦʩʠʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʚ ʥʘʪʫʨʫ. ɺ ʜʘʥʥʦʡ 

ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʚʳʢʣʘʜʢʠ ʠ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʠʟ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ (ʧʣʦʩʢʘʷ ʧʨʦʝʢʮʠʷ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ), ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʨʘʚʥʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʦʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʜʘ 

ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʥʪʨʦʣʷ ʠʟʤʝʨʝʥʠʡ.  

2. 1 ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

ʉʦʟʜʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʠ ʟʘʣʦʛ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. ʉʝʛʦʜʥʷ ʛʣʦʙʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ (ɻʅʉʉ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩʛʫʱʝʥʠʷ ʠ ʚʦʦʙʱʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʊʘʭʝʦʤʝʪʨ, ʩʥʘʙʞʝʥʥʳʡ ʩʧʫʪʥʠʢʦʚʳʤ ʧʨʠʝʤʥʠʢʦʤ, 

ʬʘʢʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʩʚʷʟʘʥ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʚʳʯʠʩʣʷʝʤʳʭ ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʠ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ [19, 47, 51, 72, 81]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʳʩʦʪ, ʪʦ, 

ʙʝʟʫʩʣʦʚʥʦ, ʠʭ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʜʣʝʞʠʪ ʚʳʧʦʣʥʷʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʥʠʚʝʣʠʨʦʚʘʥʠʝʤ. ʆʜʥʘʢʦ ʧʣʘʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʵʬʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠ 

ʨʘʙʦʪʘʪʴ ʩ ʥʠʤʠ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʈʝʯʴ ʠʜʝʪ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʝʢʮʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʦʪʣʠʯʥʦʡ ʦʪ ɻʘʫʩʩʘ-

ʂʨʶʛʝʨʘ, ʚ ʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʦ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ, ʚʝʜʝʥʠʝ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʚ 

ʧʨʦʝʢʮʠʶ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʨʘʚʥʝʥʠʝ, ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʦʧʨʦʩ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʤʝʥʴʰʝʥʠʝ ʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠ ʫʜʦʙʩʪʚʦ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʡʯʘʩ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʠ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ [20, 21, 26, 51, 60, 74, 81]. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʫʨʘʚʥʠʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʦʩʣʝ ʯʝʛʦ ï ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ (B, L) ʠ ʜʘʣʝʝ ï ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʟʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʘʚʥʳʡ 

ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʡ ï ʠʭ ʝʜʠʥʩʪʚʦ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ 

ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʦʪʩʪʦʷʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʘʝʪʩʷ ʚ ʧʨʦʝʢʮʠʠ UTM ʠʣʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ ʟʦʥ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʦ. ʕʪʠ 

ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ ʚʦ ʤʥʦʛʦʤ ʩʥʠʤʘʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ.  

ʉʫʝɦʩʪʚʫʶʪ ʨʘʟʥʳʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ [51, 63, 60]. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 

ʚ ʣʦʢʘʣʴʥʫʶ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (Local 

topocentric coordinate system), ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʫʨʘʚʥʠʚʘʥʠʝ 
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ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʅʘʜʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʣʠ ʧʨʦʝʢʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʠʤʝʶʱʝʡ ʮʝʥʪʨʘʣʴʥʫʶ ʪʦʯʢʫ ʩ ʥʦʨʤʘʣʴʶ ʢ ʮʝʥʪʨʫ 

ʤʘʩʩʳ ɿʝʤʣʠ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʷʜʝ ʩʪʨʘʥ, 

ʛʜʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʩʛʫʱʝʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʥʘʧʨʠʤʝʨ ɺʴʝʪʥʘʤ, 

ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ, ʀʨʘʥ ʠ ʜʨ. ʩʪʨʘʥʳ. ɺʦ ɺʴʝʪʥʘʤʝ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ [90, 93, 106]. ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ. 

ʃʦʢʘʣʴʥʘʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʥʘʯʘʣʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢ 

ʪʦʯʢʝ O1, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 2.1). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʧʣʦʩʢʘʷ ʩʠʩʪʝʤʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ) ʩ ʦʩʷʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʪʨʦʠʤ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʦ ʧʨʘʚʠʣʫ ʣʝʚʦʡ ʨʫʢʠ. O1 ï ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ. ʆz ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʨʤʘʣʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʆ1 (ʟʝʥʠʪʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ). ʆʩʴ ʆx ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʝʚʦʤʫ ʤʝʨʠʜʠʘʥʫ (ʧʦʣʦʞʝʥʠʝ ʥʘ ʩʝʚʝʨ). 

ʆʩʴ Oy ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʷʤ Ox ʠ Oz. ɺ ʥʝʢʦʪʦʨʳʭ ʜʦʢʫʤʝʥʪʘʭ ʚʤʝʩʪʦ (x, y, z) 

ʧʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ (N, E, U) [51, 61, 60, 68, 106]. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʦʝʮʠʨʦʚʘʥʠʷ) ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ɻʅʉʉ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʠʩʢʘʞʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʆz ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʦʪʚʝʩʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠʟ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʣʦʢʘʣʴʥʫʶ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚʦʟʤʦʞʥʦ ʠʟ ʚʳʨʘʞʝʥʠʷ [22, 49, 67, 69, 70]: 

0

0

0

T

x X X

y R Y Y

z Z Z

,      (2.1) 

ʛʜʝ  (x y z)
T
 ï ʢʦʦʨʜʠʥʘʪʳ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ; (X Y Z)

T 
ï ʢʦʦʨʜʠʥʘʪʳ 

ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ; (X0 Y0 Z0)
T 
ï ʢʦʦʨʜʠʥʘʪʳ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʧʫʥʢʪʘ ʨʝʬʝʨʝʥʮʥʦʡ ʩʝʪʠ; B0, L0 ï ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʘ 

ʨʝʬʝʨʝʥʮʥʦʡ ʩʝʪʠ; R ï ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʘʟʚʦʨʦʪʘ) 

0 0 0 0 0

0 0

0 0 0 0 0

sin cos sin sin cos

sin cos 0

cos cos cos sin sin

T

B L B L B

R L L

B L B L B

.     (2.2) 

ʀʟ (2.2) ʤʳ ʚʠʜʠʤ, ʯʪʦ (x, y) ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ. 

ʂʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʦʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʘʯʘʣʦ ʩʝʪʠ ʚ ʣʦʢʘʣʴʥʦʡ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʕʪʘ ʪʦʯʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʩʦʚʧʘʣʘ ʩ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʦʡ ʩʝʪʠ ʠʣʠ ʩ ʪʦʯʢʦʡ, 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʚʧʘʣʘ ʩ ʪʦʯʢʦʡ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʡ ʨʘʚʥʘ 

ʩʨʝʜʥʝʡ ʚʳʩʦʪʝ ʚʩʝʭ ʪʦʯʝʢ ʩʝʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ.  

ʇʦ ʬʦʨʤʫʣʝ (2.1) ʤʦʞʝʤ ʚʳʯʠʩʣʠʪʴ ʧʨʠʨʘʱʝʥʠʷ (X, Y, Z), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʪʢʣʦʥʝʥʠʷ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʪ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ: 
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T

x X

y R Y

z Z

.       (2.3) 

ʊʦʛʜʘ, ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ M ʚ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

'  TM R M R,       (2.4) 

ʛʜʝ M ï ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ. 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

i j i j i j

i j i j i j

i j i j i j

V X X COV X Y COV X Z

M COV Y X V YY COV Y Z

COV Z X COV Z Y V Z Z

.   (2.5) 

ɺʳʯʠʩʣʝʥʠʝ (X, Y, Z) ʠ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ (2.3) ʠ (2.4). ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʴ ʚʳʯʠʩʣʝʥʠʡ. 

2.2 ʄʝʪʦʜʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʧʣʦʩʢʫʶ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʳʙʦʨʘ ʧʨʦʝʢʮʠʠ ʜʣʷ ʦʙʲʝʢʪʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʩ ʥʘʟʝʤʥʳʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʭʝʦʤʝʪʨʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʛʝʦʜʝʟʠʠ, ʪʘʢʠʭ ʢʘʢ ʩʦʟʜʘʥʠʝ 

ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ, ʚʳʥʦʩʳ ʧʨʦʝʢʪʘ ʚ 

ʥʘʪʫʨʫ ʠ ʪ.ʧ. ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʣʦʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (x, y), 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʤʝʩʪʥʦʡ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʞʝ 

ʥʦʨʤʘʣʴʥʫʶ ʚʳʩʦʪʫ H. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʚʳʧʦʣʥʷʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʝ ʥʠʚʝʣʠʨʦʚʘʥʠʝ, ʧʣʘʥʦʚʳʝ ʞʝ ʢʦʦʨʜʠʥʘʪʳ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ 

(ʪʨʠʘʥʛʫʣʷʮʠʷ, ʪʨʠʣʘʪʝʨʘʮʠʷ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʟʘʩʝʯʢʠ), 

ʢʘʨʪʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʩʧʫʪʥʠʢʦʚʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʦʩʣʝʜʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʦ 

ɺʴʝʪʥʘʤʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (X,Y,Z). 

ʆʜʥʘʢʦ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚʦ ɺʴʝʪʥʘʤʝ ʧʨʠʥʷʪʦ 

ʚʳʧʦʣʥʷʪʴ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʬʝʨʝʥʮʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ VN-2000, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʦʧʝʨʝʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʄʝʨʢʘʪʦʨʘ UTM ʥʘ 

ʵʣʣʠʧʩʦʠʜʝ WGS-84 ʩ ʥʘʯʘʣʦʤ ʚ ʧʫʥʢʪʝ N00 ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ ʢʘʜʘʩʪʨʘ 

ʚ ʍʘʥʦʝ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʡ ʤʥʦʛʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ, ʢʦʪʦʨʳʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ɺʴʝʪʥʘʤʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʣʦʢʘʣʴʥʫʶ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʦʩʪʳʝ 

ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʩʥʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ ʧʦʨʷʜʦʢ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ WGS-84 ʚ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.2: 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʚ ʧʨʦʝʢʮʠʠ UTM 

ʅʘ ʨʠʩʫʥʢʝ 2.2: 

- (X, Y, Z) WGS-84 ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ 

ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʳʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ; 

ʆʩʝʚʦʡ ʤʝʨʠʜʠʘʥ ï 

L 1 

ʇʦʧʨʘʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘ 

ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʥʦʩʠʤʦʩʪʠ ʠ 

ʚʳʩʦʪʳ ʦʙʲʝʢʪʘ 

(X, Y, Z)
 VN_2000

 (B, L, H)
 VN_2000

 

(x, y)(H1, L1)
 VN_2000

 (x, y) (H2 , L2)
 ʄʉʂ

 

(X, Y, Z)
WGS-84

 

ʇʘʨʘʤʝʪʨʳ  

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  

(ȹX, ȹY, ȹZ, Ů
X
, Ů

Y
, Ů

Z
, m) 
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- (X, Y, Z)VN-2000 ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ 

ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ VN-2000, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 7 ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

- (B, L, H)VN-2000 ï ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ VN-2000; 

- (X, Y) (H1, L1)VN-2000 ï ʧʣʦʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ VN-2000 (ʧʨʦʝʢʮʠʷ UTM ), L1 ï ʦʩʝʚʦʡ 

ʤʝʨʠʜʠʘʥ (ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʨʠʜʠʘʥ), H1 ï ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʤʦʩʪʠ 

(ʦʙʳʯʥʦ H1 =0); 

- (X, Y) (H2, L2)
ʄʉʂ

 ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʧʣʦʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʣʦʢʘʣʴʥʘʷ ʧʣʦʩʢʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ), L2 ï ʦʩʝʚʦʡ ʤʝʨʠʜʠʘʥ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 

ʦʙʲʝʢʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, H2 ï ʚʳʩʦʪʘ ʨʝʬʝʨʝʥʮʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʙʲʝʢʪʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ) (ʦʙʳʯʥʦ H2 ï ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ). 

ɸʣʛʦʨʠʪʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʘ ʚ 

ʧʣʦʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʘ ʟʘʪʝʤ ʚ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʢʘʟʘʥʳ ʚ ʨʘʙʦʪʘʭ [20, 

21, 27, 25, 26, 29, 34, 49, 61, 60, 67, 98]. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʵʪʦʤ ʫʜʝʣʷʝʪʩʷ 

ʧʦʜʙʦʨʫ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʥʦʩʠʤʦʩʪʠ ʠ ʚʳʩʦʪʳ ʦʙʲʝʢʪʘ [96, 98]. ʇʨʠʥʮʠʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʩʪʠ ʚʳʩʦʪ 

ʨʝʬʝʨʝʥʮʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ (x1, y1) ï ʤʥʦʞʝʩʪʚʦ ʧʣʦʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʥʘ ʨʝʬʝʨʝʥʮʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʳʩʦʪʦʡ H1. ʉʣʝʜʫʝʪ ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʥʘ 

ʨʝʬʝʨʝʥʮʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʳʩʦʪʦʡ H2. ʇʦʨʷʜʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʣʝʜʫʶʱʠʡ: 

ï ʚʳʯʠʩʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ x0, y0 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ H1: 

n

ix
n

x

1

0

1
 ; 

n

iy
n

y
1

0

1
      (2.6) 

ï ʚʳʯʠʩʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʘʟʠʤʫʪʘ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʜʦ ʚʩʝʭ ʪʦʯʝʢ 

ʩʝʪʠ, ʦʙʦʟʥʘʯʘʝʤʳʝ Si0 ʠ Ŭ0. 

2

0

2

00 )()( yyxxS iii  ; 
0

0

0
xx

yy
arctg

i

i

i   (2.7) 

ï ʚʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʢʘʞʝʥʠʷ ʜʣʠʥʳ ʣʠʥʠʡ ʟʘ ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ ʬʦʨʤʫʣʝ: 

1

2

HR

HR
k ,       (2.8) 

ʛʜʝ R ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ɿʝʤʣʠ (R= 6370 ʢʤ). 

ï ʚʳʯʠʩʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ H2 ʧʦ ʬʦʨʤʫʣʝ: 

2 0 0 0

2 0 0 0

. cos

. sin

i i i

i i i

x x k S

y y k S
     (2.9) 

ʂʘʢ ʚʠʜʥʦ, ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʣʦʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʚʢʣʁʯʘʝʪ ʚ ʩʝʙʷ ʟʥʘʯʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ H. ʂʦʵʬʬʠʮʠʝʥʪ k ʩʣʦʞʥʦ 

ʧʦʜʙʠʨʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʨʤʘʣʴʥʳʝ 

ʚʳʩʦʪʳ, ʘ ʚ ʬʦʨʤʫʣʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʚʳʩʦʪʳ, ʯʪʦ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʙʝʟ ʪʦʛʦ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʫʯʘʩʪʚʦʚʘʣʠ ʙʳ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʚʳʩʦʪʳ. ʊʦʛʜʘ 

ʪʦʯʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʙʳ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʟʜʘʥʠʷ 

ʦʧʦʨʥʦʡ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʠ ï ʵʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʘ ʢ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ.  
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ɺ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ Z 

ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ. ʇʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʩʦʚʤʝʩʪʠʚ ʥʦʨʤʘʣʴ ʩ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʪʫ ʠʩʭʦʜʥʦʛʦ ʧʫʥʢʪʘ P0 ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʣʶʙʫʶ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). 

ɽʩʣʠ ʦʪʤʝʪʢʘ ʧʫʥʢʪʘ P0 ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ ʦʙʲʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʦ 

ʧʣʦʩʢʦʩʪʴ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ xP0y ï ʣʦʢʘʣʴʥʘʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ P0. ʂʦʦʨʜʠʥʘʪʳ ʭ, ʫ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʨʷʜʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.4: 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ WGS-84 ʚ ʤʝʩʪʥʫʶ  

ʯʝʨʝʟ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

ʕʪʘʧ 1. ɼʣʷ ʧʫʥʢʪʦʚ ʦʧʦʨʥʦʡ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (X, Y, 

Z) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʚ ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ (B, L, H). ʇʦʜʨʦʙʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʘʭ [60, 73, 98]. 

ʕʪʘʧ 2. ɺʳʧʦʣʥʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ɻʅʉʉ-

ʠʟʤʝʨʝʥʠʡ ʠʟ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʣʦʢʘʣʴʥʫʶ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʦ ʬʦʨʤʫʣʝ [31, 35, 51, 61]: 

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0

2
0 0 0 0 0 0 0 0

sin cos sin sin cos ( )cos .cos

sin cos 0 . ( )cos .sin

cos cos cos sin sin (1 ) sin

B L B L B X N H B Lx

y L L Y N H B L

z B L B L B Z N e H B

, (2.10) 

(X, Y, Z)
WGS-84

 (x, y, z)
 ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ_ʩʠʩʪʝʤʘ_ʢʦʦʨʜʠʥʘʪ

 

 

(x, y)
 ʤʝʩʪʥʘʷ _cʠʩʪʝʤʘ _ʢʦʦʨʜʠʥʘʪ
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ʛʜʝ:  

- (x, y, z) ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

- (X, Y, Z) ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʚ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

- (B0, L0, H0) ï ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʩʝʪʢʠ (ʠʣʠ 

ʥʘʯʘʣʦ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ); 

- No ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʝʨʚʦʛʦ ʚʝʨʪʠʢʘʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʘʯʘʣʦ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ; 

- a, b - ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʠ ʤʘʣʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʦʠʜʘ WGS-84. 

ʕʪʘʧ 3: ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ ʩʝʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (x', y'), ʚʳʯʠʩʣʷʶʪ ʧʘʨʘʤʝʪʨʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ 

ɻʝʣʴʤʝʨʪʘ. ʂʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʩʝʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ɻʅʉʉ-

ʠʟʤʝʨʝʥʠʷ, ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, 

ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [25, 96].  

ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʚʳʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʦʩʪʘʣʴʥʳʭ ʧʫʥʢʪʦʚ ʚ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

2.3 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʪʚʝʯʘʶʱʠʭ ʪʦʯʥʦʩʪʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʣʷ 

ʫʨʘʚʥʠʚʘʥʠʷ ɻʅʉʉ-ʩʝʪʠ ʢʦʨʦʪʢʠʭ ʣʠʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʛʝʦʜʝʟʠʠ, ʤʳ ʤʦʞʝʤ 

ʚʳʙʨʘʪʴ ʨʝʬʝʨʝʥʪʥʫʶ ʪʦʯʢʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʪʨʝʤʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ - BG, LG, HG. ɼʘʣʝʝ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʨʠʮʳ ʚʨʘʱʝʥʠʷ R ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. 

ɺʳʙʦʨ ʨʝʬʝʨʝʥʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʝʩʴʤʘ ʚʘʞʝʥ. ʅʘ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʟʜʘʝʪʩʷ ʧʣʦʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ x, y (ʠʣʠ N, E), ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ 

ʣʦʢʘʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʙʘʟʦʚʘʷ ʧʣʦʩʢʦʩʪʴ 

ʙʣʠʟʢʘ ʢ ʩʨʝʜʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦ 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʩ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʛʦʨʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʥʝʦʙʭʦʜʠʤʦ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʪʝʧʝʥʠ ʠʩʢʘʞʝʥʠʷ ʜʣʠʥʳ 

ʣʠʥʠʠ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʡ ʦʮʝʥʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ (ʦʧʨʝʜʝʣʝʥʠʷ) ʧʨʝʜʝʣʘ ʨʘʟʤʝʨʦʚ ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ 

ʠʩʢʘʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 20% ʦʪ ʩʣʫʯʘʡʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ, ʪʦ ʝʛʦ 

ʤʦʞʥʦ ʠʛʥʦʨʠʨʦʚʘʪʴ. 

ɽʩʣʠ ʚʳʙʨʘʪʴ ʪʦʯʢʫ ʥʘ ʨʝʬʝʨʝʥʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʢʦʦʨʜʠʥʘʪʦʡ BG, LG, ʪʦ ʤʘʪʨʠʮʘ ʚʨʘʱʝʥʠʷ R ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

sin cos sin cos cos

sin sin cos cos sin

cos 0 sin

G G G G G

G G G G G

G G

B L L B L

R B L L B L

B B

,    (2.11) 

ɽʩʣʠ ʚʳʙʨʘʪʴ ʪʦʯʢʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ (HG = 0), 

ʪʦ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʣʣʠʧʩʦʠʜʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ (ʨʠʩʫʥʦʢ 2.5 ʘ). ɽʩʣʠ ʚʳʙʨʘʪʴ 

ʪʦʯʢʫ ʩ ʚʳʩʦʪʦʡ HG (HG > 0), ʪʦ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʧʣʦʩʢʦʩʪʴ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʣʣʠʧʩʦʠʜʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ (ʨʠʩʫʥʦʢ 2.5 ʙ ʠ 

ʨʠʩʫʥʦʢ 2.5 ʩ). 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʳ ʢ ʚʳʙʦʨʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 
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ʇʨʠ ʧʝʨʝʚʦʜʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʣʦʩʢʠʝ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʢʨʠʚʠʟʥʳ ɿʝʤʣʠ ʥʝʠʟʙʝʞʥʳ ʠʩʢʘʞʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʧʨʝʜʝʣʠʤ, ʢʘʢʦʛʦ 

ʨʘʟʤʝʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʫʯʘʩʪʦʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦʙʳ ʝʛʦ ʤʦʞʥʦ ʙʳʣʦ 

ʩʯʠʪʘʪʴ ʧʣʦʩʢʠʤ. 

 

ʈʠʩʫʥʦʢ 2.6 ï ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʢʨʠʚʠʟʥʳ ɿʝʤʣʠ ʥʘ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ 

ʇʨʠʤʝʤ ʬʦʨʤʫ ɿʝʤʣʠ ʟʘ ʰʘʨ ʩ ʨʘʜʠʫʩʦʤ R (ʨʠʩʫʥʦʢ 2.6). ʉʨʘʚʥʠʤ ʜʣʠʥʫ 

ʜʫʛʠ P0M0 = S ʩ ʜʣʠʥʦʡ ʢʘʩʘʪʝʣʴʥʦʡ P0M 0=d. ʇʦʣʫʯʠʤ d = R.tg  ʠ S= R. . 

ʆʙʦʟʥʘʯʠʤ ʨʘʟʥʦʩʪʴ (dïS) ʯʝʨʝʟ d, ʪʦʛʜʘ: 

( )d R tg       (2.12) 

ʊʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ  ʤʘʣʘ, ʪʦ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

3

...
3

tg       (2.13) 

ʆʛʨʘʥʠʯʠʤʩʷ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʯʣʝʥʘʤʠ ʵʪʦʛʦ ʨʷʜʘ ʩ ʫʙʳʚʘʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʟ-ʟʘ ʤʘʣʦʩʪʠ ʩʣʝʜʫʶʱʠʭ ʯʣʝʥʦʚ, ʪʦʛʜʘ 

3 3 3 3

2 23 3 3 3

S d
d R R

R R
     (2.14) 

ʂʦʛʜʘ ʚʳʩʦʪʘ HG ʥʝ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ, ʩʦʦʪʥʦʰʝʥʠʝ ( / )d d  ʚ ʬʦʨʤʫʣʝ 

(2.14) ʦʪʚʝʯʘʝʪ ʪʦʯʥʦʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʣʠ ʠʟʤʝʨʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʜʣʠʥʳ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʝʝʤ: 
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2

2

1 1
    3.

3.

d d
d R

d T R T
    (2.15) 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʥʥʳʤ ʪʘʭʝʦʤʝʪʨʦʤ ʣʠʥʠʡ ʤʝʥʝʝ 1 ʢʤ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1:ʊ = 1 : 200 000. ʊʦʛʜʘ, ʫʩʣʦʚʥʳʡ ʨʘʜʠʫʩ (L) ʥʝʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʫʢʘʟʘʥʥʫʶ ʦʰʠʙʢʫ 

ʠʟʠʝʨʝʥʠʷ, ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʝʤʫ ʥʝʨʘʚʝʥʩʪʚʫ: 

1 3.
 3.

1000000 1000

R
L R      (2.16) 

ʇʦʜʩʪʘʚʠʚ ʚ ʬʦʨʤʫʣʫ ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ɿʝʤʣʠ R = 6 370 ʢʤ, L ~11,03 ʢʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʫʯʘʩʪʢʠ ʩ 

ʨʘʜʠʫʩʦʤ L ~ 11 ʢʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ ʦʪʨʘʞʘʶʱʠʭ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʨʨʜʠʥʘʪʳ. 

ʆʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ h, ʚʳʨʘʞʘʶʱʫʶ ʚʣʠʷʥʠʝ ʢʨʠʚʠʟʥʳ ɿʝʤʣʠ ʥʘ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ OP0M 0. 

2 2 2 2( ) 2 .d R h R R h h    (2.17) 

ʆʪʢʫʜʘ: 

2

2

d
h

R h
      (2.18) 

ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ h ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʜʠʫʩʦʤ R ɿʝʤʣʠ, ʪʦ 

2

2.

d
h

R
       (2.19) 

ɺʚʦʜʷ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʣʠʥʠʠ d, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ h: 

d, ʤ 100 300 500 1000 

h, ʩʤ 0,1 0,8 2,1 8,3 

 

ʇʨʠ ʚʦʟʚʝʜʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʩʦʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʠ ʚ ʩʨʝʜʥʝʤ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 1-2 ʤʤ, ʧʦʵʪʦʤʫ 

ʚʣʠʷʥʠʝ ʢʨʠʚʠʟʥʳ ɿʝʤʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʳʩʦʪ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʚʩʝʛʜʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʘʞʝʥʠʷ ʜʣʠʥʳ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ 

ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʠʩʢʘʞʝʥʠʝ ʜʣʠʥʳ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʨʘʩʩʪʦʷʥʠʝ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʪʦʯʢʘ i ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ (Xi, Yi, Zi) ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ (Bi, Li, Hi) (i = 1, n). ʇʦ ʵʪʠʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (xi, yi, zi) ʧʦ ʬʦʨʤʫʣʝ [74, 73]: 

0

0

0

T

x X X

y R Y Y

z Z Z

,     (2.20) 

ʛʜʝ  (x y z)
T
 ï ʢʦʦʨʜʠʥʘʪʳ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ; (X Y Z)

T 
ï ʢʦʦʨʜʠʥʘʪʳ 

ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ; (X0 Y0 Z0)
T 
ï ʢʦʦʨʜʠʥʘʪʳ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʩ ʥʘʯʘʣʦʤ ʚ ʧʫʥʢʪʝ ʩ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (B0, L0); R ï ʤʘʪʨʠʮʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʘʟʚʦʨʦʪʘ). 

ʅʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ i ʜʦ ʥʘʯʘʣʘ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

2 2

i i iD x y       (2.21) 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʜʣʠʥʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ ʦʪ ʢʦʦʨʜʠʥʘʪ (Bi, Li) ʜʦ ʠʩʭʦʜʥʦʛʦ ʧʫʥʢʪʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

(B0, L0) ʧʦ ʬʦʨʤʫʣʝ (2.22) ʜʣʷ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʠʥʘ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

22 QPSi ,       (2.22) 

ʛʜʝ: 

24

)sin(
1cos

22

m
mm

Blb
NBlP , 

24

)sin(2
1

22

m
m

Bll
bMQ    
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n

B

B

n

i

1
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n

L

L

n

i

1
0 ; 

n

H

H

n

i

1
0 , 

''

0BB
b i ;

''

0LL
l i ; 

2

0BB
B i

m ;
21 m

m

c
N ;

21 m

m

m

N
M ;

mm Be 222 cos  

c - ʨʘʜʠʫʩ ʧʦʣʶʩʘ. 

ɿʥʘʯʝʥʠʝ ʠʩʢʘʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: ȹSi = D i ï Si. 

ʄʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʘʞʝʥʠʷ ʚʳʯʠʩʣʷʝʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ:  

ɚ =1/T= ȹSi/Di. 

ʇʨʠʤʝʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʤʝʩʪʥʫʶ  

ʧʦʩʨʝʜʩʪʚʦʤ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʦʧʦʨʥʦʡ ʩʝʪʠ ʠʟ 9 ʧʫʥʢʪʦʚ IV 

ʢʣʘʩʩʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʦʢʨʫʛʝ ʂʠʰʦʥ, ʧʨʦʚʠʥʮʠʠ ʍʦʘ-ʙʠʥʴ (ɺʴʝʪʥʘʤ). 

ʈʘʟʤʝʨ ʧʣʦʱʘʜʢʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ~2Ĭ4 ʢʤ (ʨʠʩʫʥʦʢ 2.7). ʇʫʥʢʪʳ 117401, 

117486, 117497 ï ʠʩʭʦʜʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ III ʢʣʘʩʩʫ ʪʦʯʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʭʝʤʘ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ  
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ʂʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ - ʂʨʶʛʝʨʘ ʜʣʷ 18 

ʟʦʥʳ ʩ ʦʩʝʚʳʤ ʤʝʨʠʜʠʘʥʦʤ 105Ü, ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

VN-2000 ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʤʝʨʠʜʠʘʥʦʤ 105
0
45'. ʆʙʲʝʢʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʤʝʝʪ 

ʜʦʣʛʦʪʫ 106Ü22ǋ03ǋǋ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʙʦʣʝʝ 60 ʢʤ ʦʪ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ ʧʣʦʩʢʠʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʙʫʜʫʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʥʝ 

ʧʨʠʝʤʣʝʤʳʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʠʩʢʘʞʝʥʠʷ ʜʣʠʥ ʣʠʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʪʘʭʝʦʤʝʪʨʘ Leica TC-1700 (ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʦʣʦʚ mɓ = 2", 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʣʠʥʠʡ mS = 3 + 1 ppm) ʚʳʧʦʣʥʝʥʦ ʠʟʤʝʨʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʣʠʥʠʡ ʚ ʩʝʪʠ ʥʘ ʨʠʩʫʥʢʝ 2.7. ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʜʣʠʥ ʣʠʥʠʡ ʪʘʭʝʦʤʝʪʨʦʤ Leica TC-1700 ʩ ʜʣʠʥʘʤʠ, ʚʳʯʠʩʣʝʥʥʳʤʠ ʠʟ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1 ï ʉʨʘʚʥʝʥʠʝ ʜʣʠʥ ʣʠʥʠʡ ʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʝʪʠ IV ʢʣʘʩʩʘ ʩ 

ʠʟʤʝʨʝʥʠʷʤʠ ʪʘʭʝʦʤʝʪʨʦʤ 

ˉ ʃʠʥʠʷ 

ɼʣʠʥʳ ʚ ʉʂ VN-2000, 

L0=105Ü45ǋ (ʩʧʫʪʥʠʢʦʚʳʝ 

ʥʘʙʣʶʜʝʥʠʷ) (ʤ) 

ɼʣʠʥʳ, ʠʟʤʝʨʝʥʥʳʝ 

ʪʘʭʝʦʤʝʪʨʦʤ (ʤ) 
ʈʘʟʥʦʩʪʠ (ʤʤ) 

1 DD-01 DD-02 1240.343 1240.281 -62 

2 DD-01 KS-02 1036.028 1035.978 -50 

3 DD-02 DD-03 1025.747 1025.701 -46 

4 DD-03 DD-04 474.875 474.853 -22 

5 DD-05 KS-04 882.286 882.243 -43 

6 KS-01 KS-03 729.272 729.242 -30 

7 KS-02 KS-03 620.909 620.880 -29 

8 KS-02 KS-04 835.105 835.066 -39 

9 KS-03 KS-04 751.104 751.073 -31 
 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʡ 

ʪʘʭʝʦʤʝʪʨʦʤ ʠ ʚʳʯʠʩʣʝʥʥʳʭ ʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʠ (ʦʪ 

22 ʜʦ 62 ʤʤ). ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1/30 000 ʜʦ 1/20 000, ʯʪʦ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ (1/200 000). ʇʦʵʪʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʩ ʦʩʝʚʳʤ 

ʤʝʨʠʜʠʘʥʦʤ 106
Ü
20', H0 = 0 ʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʝ (ʪʘʙʣʠʮʘ 2.2): 
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ʊʘʙʣʠʮʘ 2.2 ï ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʤʝʨʠʜʠʘʥʫ L =106
o
20' 

ˉ ʀʤ ̫

ɻʝʦʜʝʟʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ 

(B, L) ( 
o
 ' ") 

ɺʳʩʦʪʘ 

(ʤ) 

ʇʣʦʩʢʠʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ (VN-2000,  

L0 =105
o
45') 

ʇʣʦʩʢʠʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ (ʧʨʦʝʢʮʠʷ 

ɻʘʫʩʩʘ L0 =106
o
20') 

1 117401 
20 51 13.302 

1.439 
2307043.331 2306920.100 

106 22 6.091 564355.459 503645.191 

2 117486 
20 52 18.472 

1.401 
2309041.354 2308924.116 

106 21 8.107 562671.627 501968.698 

3 117497 
20 53 19.865 

7.840 
2310937.876 2310812.639 

106 22 23.590 564846.300 504150.130 

4 DD-01 
20 52 26.667 

3.096 
2309299.708 2309176.431 

106 22 5.595 564332.457 503630.372 

5 DD-02 
20 52 52.936 

4.753 
2310111.293 2309984.566 

106 22 38.152 565270.422 504571.227 

6 DD-03 
20 52 37.682 

4.702 
2309645.706 2309515.690 

106 23 9.708 566184.417 505483.478 

7 DD-04 
20 52 25.056 

4.909 
2309258.470 2309127.480 

106 23 19.164 566459.290 505756.929 

8 DD-05 
20 53 25.883 

4.827 
2311120.518 2310997.592 

106 22 1.492 564206.871 503511.401 

9 KS-01 
20 52 30.232 

1.776 
2309404.234 2309285.827 

106 21 19.113 562988.414 502286.784 

10 KS-02 
20 52 41.271 

1.557 
2309745.294 2309625.385 

106 21 33.297 563397.146 502696.730 

11 KS-03 
20 52 53.812 

2.060 
2310129.183 2310011.023 

106 21 16.465 562909.133 502210.138 

12 KS-04 
20 53 8.132 

2.875 
2310571.915 2310451.529 

106 21 37.514 563515.884 502818.462 

 

ʊʝʧʝʨʴ ʧʨʠʚʝʜʝʤ ʚʳʢʣʘʜʢʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ɿʘ 

ʥʘʯʘʣʦ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʠʥʷʪʘ ʮʝʥʪʨʘʣʴʥʘʷ ʪʦʯʢʘ ʩʝʪʠ 

ʥʘ ʨʠʩʫʥʢʝ 2.7. ɽʸ ʢʦʦʨʜʠʥʘʪʳ: B = 20Ü5239.44287; L = 106Ü223.19113; H = 

35.1068 ʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3 ʠ ʪʘʙʣʠʮʝ 2.4: 

ʊʘʙʣʠʮʘ 2.3 ï ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʭ 

ʢʦʦʨʜʠʥʘʪ 

ʀʤ ̫
ɻʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

X Y Z B L H 

117401 -1680437.83 5721301.26 2256317.25 20 51 13.302 106 22 6.091 33.167 

117486 -1678628.45 5721088.40 2258190.11 20 52 18.472 106 21 8.107 33.051 

117497 -1680533.98 5719833.82 2259956.54 20 53 19.865 106 22 23.590 39.497 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.3 

DD-01 -1680198.05 5720535.71 2258426.22 20 52 26.667 106 22 5.595 34.777 

DD-02 -1681020.22 5719995.69 2259181.67 20 52 52.936 106 22 38.152 36.436 

DD-03 -1681942.46 5719898.84 2258743.32 20 52 37.682 106 23 9.708 36.415 

DD-04 -1682243.78 5719954.67 2258380.59 20 52 25.056 106 23 19.164 36.634 

DD-05 -1679901.78 5719947.79 2260128.39 20 53 25.883 106 22 1.492 36.466 

KS-01 -1678897.52 5720875.51 2258528.17 20 52 30.232 106 21 19.113 33.425 

KS-02 -1679256.80 5720643.76 2258845.31 20 52 41.271 106 21 33.297 33.209 

KS-03 -1678751.37 5720649.31 2259205.86 20 52 53.812 106 21 16.465 33.693 

KS-04 -1679291.13 5720328.06 2259617.64 20 53 8.132 106 21 37.514 34.511 

 

ʊʘʙʣʠʮʘ 2.4 ï ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

ˉ ʀʤ ̫
ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

x y z 

1 117401 -2649.25 83.8336 -2.4935 

2 117486 -644.87 -1592.24 -2.2873 

3 117497 1243.2 589.6037 4.2411 

4 DD-01 -392.908 69.4946 -0.3419 

5 DD-02 415.0315 1010.527 1.236 

6 DD-03 -54.0412 1922.683 1.0178 

7 DD-04 -442.311 2196.053 1.1339 

8 DD-05 1428.289 -49.0899 1.1985 

9 KS-01 -283.225 -1274.08 -1.8153 

10 KS-02 56.2479 -864.056 -1.9569 

11 KS-03 441.9919 -1350.57 -1.5717 

12 KS-04 882.3699 -742.149 -0.7004 

 

ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩʝʪʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʚ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

2
21

2
21

2
2112 )()()( zzyyxxS ,    (2.23) 

ʛʜʝ (x1, y1, z1) ʠ (x2, y2, z2) ï ʢʦʦʨʜʠʥʘʪʳ ʜʚʫʭ ʪʦʯʝʢ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʥʝʢʦʪʦʨʳʤʠ 

ʜʣʠʥʘʤʠ ʣʠʥʠʡ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠ ʜʣʠʥʘʤʠ ʣʠʥʠʡ ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷʤʠ, ʠʟʤʝʨʝʥʥʳʤʠ ʪʘʭʝʦʤʝʪʨʦʤ (ʪʘʙʣʠʮʘ 

2.5). 
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ʊʘʙʣʠʮʘ 2.5 ï ʉʨʘʚʥʝʥʠʝ ʜʣʠʥ ʣʠʥʠʡ 

ʃʠʥʠʷ 

ɼʣʠʥʘ 

ʣʠʥʠʠ S ʚ 

ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ  

L0 

=106
o
20' 

ɼʣʠʥʘ 

ʣʠʥʠʠ S ʚ 

ʪʦʧʦʮʝʥ-

ʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ 

ɼʣʠʥʘ 

ʣʠʥʠʠ S, 

ʠʟʤʝʨʝʥʥʘʷ 

ʪʘʭʝʦ-

ʤʝʪʨʦʤ  

ʈʘʟʥʦʩʪʠ d (ʤʤ) 

 

ɿʥʘʤʝʥʘʪʝʣʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʦʰʠʙʢʠ 
d

S
T

2
 

  

ɻʘʫʩʩʘ ʠ 

ʪʘʭʝʦʤʝʪʨ 

ʊʦʧʦʮʝʥ-

ʪʨʠʯʝʩʢʘʷ 

-

ʪʘʭʝʦʤʝʪʨ 

ɺ 

ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ L0 

=106
o
20' 

ɺ 

ʪʦʧʦʮʝʥ-

ʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ  

DD-01 DD-02 1240.278 1240.286 1240.281 -3 5 584600 350800 

DD-01 KS-02 1035.976 1035.983 1035.978 -2 5 732500 293000 

DD-02 DD-03 1025.693 1025.699 1025.701 -8 -2 181300 725200 

DD-03 DD-04 474.850 474.852 474.853 -3 -1 223800 671500 

DD-05 KS-04 882.241 882.248 882.243 -2 5 623800 249500 

KS-01 KS-03 729.235 729.239 729.242 -7 -3 147300 343700 

KS-02 KS-03 620.877 620.882 620.880 -3 2 292600 439000 

KS-02 KS-04 835.064 835.069 835.066 -2 3 590400 393600 

KS-03 KS-04 751.068 751.072 751.073 -5 -1 212400 1062000 

 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.5, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʠʥʳ ʣʠʥʠʡ 

ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʜʣʠʥʳ ʣʠʥʠʡ ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʠ ʜʣʠʥʳ, ʠʟʤʝʨʝʥʥʳʝ ʪʘʭʝʦʤʝʪʨʦʤ, ʦʪʚʝʯʘʶʪ ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʠ ʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ (
200000

1
). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʦʢʘʣʴʥʦʡ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʦʩʪʠʛʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ 

ʜʣʠʥ ʣʠʥʠʡ ʚ ʦʧʦʨʥʦʡ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʦʚʳʤʠ ʤʝʪʦʜʘʤʠ..  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʚ ʪʦʧʦʮʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚʘʞʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

1. ʆʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ ʚ ʤʝʩʪʥʫʶ 

ʩʠʩʪʝʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘ ʩʯʝʪ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

2. ɺʚʝʜʝʥʠʝ ʧʦʧʨʘʚʦʢ ʟʘ ʧʨʠʚʝʜʝʥʠʝ ʣʠʥʠʠ ʢ ʫʨʦʚʥʶ ʤʦʨʷ ʠ ʢ ʵʣʣʠʧʩʦʠʜʫ 

ʫʤʝʥʴʰʘʝʪ ʠʩʢʘʞʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʜʣʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʦʩʣʝ 
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ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʉʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.2 ʠ ʨʠʩʫʥʢʝ 2.4 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʧʣʦʩʢʫʶ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʤʝʥʷʝʤʫʶ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʧʨʦʮʝʜʫʨʫ ʧʝʨʝʩʯʝʪʘ ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʜʣʷ ɺʴʝʪʥʘʤʘ ʧʝʨʝʭʦʜʦʤ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ VN-2000.  

ɺʳʯʠʩʣʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʜʣʠʥʳ ʣʠʥʠʠ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ 

ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (2.21, 2.22) ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʠʩʢʘʞʝʥʠʡ ʜʣʠʥ 

ʩʧʫʪʥʠʢʦʚʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʤ ʦʙʲʝʢʪʝ ʚʦ ɺʴʝʪʥʘʤʝ. ʇʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʫʥʢʪʦʚ ʩʦʟʜʘʚʘʝʤʦʡ ʩʝʪʠ ʜʦ 

ʠʩʭʦʜʥʦʛʦ ʧʫʥʢʪʘ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʧʫʥʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʩʝʪʠ 

ʥʘ ʨʠʩʫʥʢʝ 2.7. ɺʳʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.6. 

ʊʘʙʣʠʮʘ 2.6 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʩʢʘʞʝʥʠʡ ʜʣʠʥ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ˉ 
ʅʦʤʝʨ 

ʧʫʥʢʪʘ 

ʈʘʩʩʪʦʷʥʠʝ ʥʘ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʤ) 

ʈʘʩʩʪʦʷʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ (ʤ) 

ʈʘʟʥʦʩʪʠ 

(ʤ) 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʰʠʙʢʘ 

(1/T) 

1 117401 2650.5794 2650.5647 0.0146 1/181546 

2 117486 1717.8743 1717.8648 0.0094 1/182752 

3 117497 1375.9272 1375.9196 0.0076 1/181042 

4 DD-01 399.006 399.0038 0.0022 1/181365 

5 DD-02 1092.4356 1092.4295 0.0060 1/182072 

6 DD-03 1923.4418 1923.4312 0.0106 1/181456 

7 DD-04 2240.1534 2240.1411 0.0123 1/182125 

8 DD-05 1429.1318 1429.1239 0.0079 1/180902 

9 KS-01 1305.1782 1305.171 0.0072 1/181274 

10 KS-02 865.8854 865.8806 0.0048 1/180392 

11 KS-03 1421.0543 1421.0465 0.0078 1/182185 

12 KS-04 1152.9795 1152.9732 0.0064 1/180152 
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ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʩʝʪʝʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʩʢʠʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ. ʀʩʢʘʞʝʥʠʷ ʜʣʠʥ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʫʩʣʦʚʥʳʤ ʥʘʯʘʣʦʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʤʠʥʠʤʘʣʴʥʳ. ʇʨʠ ʩʦʚʤʝʱʝʥʠʠ ʫʩʣʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʣʷ ʦʪʩʯʝʪʘ ʚʳʩʦʪʳ ʩ ʫʩʣʦʚʥʳʤ ʥʘʯʘʣʦʤ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʠʩʢʣʶʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜ, ʘ ʟʘʪʝʤ ʥʘ ʧʣʦʩʢʦʩʪʴ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʪʦʯʥʦʩʪʠ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʦʪ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

2.4 ʋʨʘʚʥʠʚʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ 

ɺ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʠʚʘʥʠʝ ʩʝʪʝʡ, ʚʳʯʠʩʣʝʥʥʳʭ 

ʧʦ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ, ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [29, 30, 51]: 

ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ ʦʰʠʙʦʢ. 

0 0

0 0

0 0

( )

( )

( )

Xij i j j i ij

Yij i j j i ij

zij i j j i ij

v dx dx x x x

v dy dy y y y

v dz dz z z z

     (2.24) 

ʛʜʝ:  (v X, v Y, v Z) ï ʧʦʧʨʘʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʦʨʜʠʥʘʪ; (dx, dy, dz) ï ʧʦʧʨʘʚʢʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ; (x
0
, y

0
, z

0
) ï ʧʨʠʙʣʠʞʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ 3n ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (2.24) (n-ʢʦʣʠʯʝʩʪʚʦ ʙʘʟʦʚʳʭ 

ʣʠʥʠʡ), ʩʦʜʝʨʞʘʱʠʭ 3m ʥʝʠʟʚʝʩʪʥʳʭ (m ï ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʝʢ). 

ʋʨʘʚʥʠʚʘʥʠʝ ɻʅʉʉ-ʩʝʪʝʡ ʚʳʧʦʣʥʷʝʪʩʷ, ʥʘʯʠʥʘʷ ʩ ʪʦʯʢʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ 

ʥʘʯʘʣʦʤ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʕʪʦ ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʦʡ 

ʤʳ ʚʳʙʠʨʘʝʤ ʥʘʯʘʣʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʦ ʩʦʚʧʘʣʦ ʩ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʦʡ 

ʩʝʪʠ. ʕʪʘ ʪʦʯʢʘ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ x, y, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 
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ʩʠʩʪʝʤʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʧʦʣʥʷʝʤ ʫʨʘʚʥʠʚʘʥʠʝ ɻʅʉʉ-ʩʝʪʝʡ ʚ 

ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʉʭʝʤʘ ʫʨʘʚʥʠʚʘʥʠʷ ɻʅʉʉ-ʩʝʪʝʡ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ  

  1 

ɺʚʝʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʝ 

X, Y, Z 

ʂʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ï 

M X, Y, Z 

B0, L0, H0 

(ʠʩʭʦʜʥʘʷ ʪʦʯʢʘ) 
ɿʝʤʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ï ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ R 

ï ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʚ  

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ M  

M'=R
T
 M R 

( X, Y, Z)  ( x, y, z) 

A
T
PA X + A

T
PL = 0 

V = AX + L 

x , y  

X0, Y0, Z0 

(a, f, L0, m0, ʟʦʥ 3
o
) 

 
 > 1 

ʆʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 
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ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.24) ʧʝʨʝʧʠʰʝʤ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ:  

V = AX + L       (2.25) 

ʉʦʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ:  

NX + b = 0,       (2.26) 

ʛʜʝ : 

N= A
T
PA       (2.27) 

   b = A
T
PL       (2.28) 

1

2

0 ... 0

0 ... 0

... ... ... ...

0 0 ...
n

P

P
P

P

,     (2.29) 

ʛʜʝ P ï ʙʣʦʯʥʘʷ ʤʘʪʨʠʮʘ ʧʦ ʜʠʘʛʦʥʘʣʠ; Pi ï ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ Mi  (3x3): 

1 'i iP M .       (2.30) 

ʈʝʰʘʷ ʩʠʩʪʝʤʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʘʝʤ: 

1  X N b.      (2.31) 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʵʣʣʠʧʩ ʦʰʠʙʦʢ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʯʠʩʣʠʤ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ. ʉʨʝʜʥʷʷ 

ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʝʜʠʥʠʮʳ ʚʝʩʘ:  

3 3

TV PV

n m
 .      (2.32) 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʘ 

i i i

Pi XX YY ZZm Q Q Q  ,    (2.33) 

ʛʜʝ Q
i
xx, Q

i
yy, Q

i
zz ï ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ Q = N

-1
 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʦʯʢʝ i. 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʬʫʥʢʮʠʠ ʚʝʩʦʚ:  

; T

F FF FFm Q Q F QF.    (2.34) 
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ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʦʨʜʠʥʘʪ ʚ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

, ,x XX y YY z ZZm Q m Q m Q .     (2.35) 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʣʦʩʢʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʘ 

XX YYm Q Q  .     (2.36) 

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʣʠʧʩ ʦʰʠʙʦʢ, ʛʜʝ ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ A 

ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩ ʥʘʠʙʦʣʴʰʝʡ ʦʰʠʙʢʦʡ, ʘ ʤʘʣʝʥʢʘʷ ʧʦʣʫʦʩʴ B ï ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩ ʥʘʠʤʝʥʴʰʝʡ ʦʰʠʙʢʦʡ (ʵʪʠ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ 

ʜʨʫʛ ʜʨʫʛʫ). 

ɸʟʠʤʫʪ ʧʦ ʙʦʣʴʰʝʡ ʧʦʣʫʦʩʠ ʦʙʦʟʥʘʯʘʝʪʩʷ Ŭ0 ʠ ʥʘʟʳʚʘʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ. 

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʵʣʣʠʧʩʘ ʦʰʠʙʦʢ 

ɹʦʣʴʰʘʷ ʧʦʣʫʦʩʴ (A) ʠ ʤʘʣʝʥʢʘʷ ʧʦʣʫʦʩʴ (B) ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

;
2 2

XX YY XX YYQ Q K Q Q K
A B ,  (2.37) 

ʛʜʝ      
2 24XX YY XYK Q Q Q . 

ʋʛʦʣ Ŭ0 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

0

2
tan(2 ) XY

XX YY

Q

Q Q
     (2.38) 

ʄʳ ʟʥʘʝʤ, ʯʪʦ ʧʦʧʨʘʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʨʘʚʥʠʚʘʥʠʠ ɻʅʉʉ-ʩʝʪʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪ (x, y, z) ʫ ʦʜʥʦʡ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ, ʪʦʯʥʦ ʩʦʚʧʘʜʘʶʪ ʩ 

A 

B 

Ŭ0 

y 

x 
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ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʨʘʚʥʠʚʘʥʠʡ ʩʚʦʙʦʜʥʳʭ ɻʅʉʉ-ʩʝʪʝʡ ʙʝʟ ʙʘʟʦʚʦʡ ʪʦʯʢʠ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʫʛʣʳ ʤʦʞʥʦ ʫʨʘʚʥʷʪʴ ʚʤʝʩʪʝ ʩ ɻʅʉʉ-ʩʝʪʴʶ. ɺ 

ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʯʘʷʭ ʫʨʘʚʥʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʫʛʣʦʚ ʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʢ 

ʢʦʦʨʜʠʥʘʪʘʤ x, y. ɺʝʨʪʠʢʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʫʨʘʚʥʠʚʘʪʴʩʷ ʚʤʝʩʪʝ ʩ 

ɻʅʉʉ-ʩʝʪʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʧʦʧʨʘʚʦʢ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʛʣʦʚ ʙʫʜʝʪ 

ʩʚʷʟʘʥʦ ʩ x, y, ʠ z. 

ʇʨʠʤʝʨ ʫʨʘʚʥʠʚʘʥʠʷ ɻʅʉʉ-ʩʝʪʝʡ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʀʩʭʦʜʷ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʠʟʜʣʦʞʝʥʥʳʭ ʚʳʰʝ, ʧʨʦʚʝʜʝʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʫʨʘʚʥʠʚʘʥʠʝ ɻʅʉʉ-ʩʝʪʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʦʙʲʝʢʪʫ ʮʝʤʝʥʪʥʳʡ ʟʘʚʦʜ ɹʫʪ-ʰʦʥ (ɺʴʝʪʥʘʤ). ʉʝʪʴ ʩʦʟʜʘʥʘ ʚ 2016 ʛʦʜʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʦʜʥʦʯʘʩʪʦʪʥʳʭ ʧʨʠʝʤʥʠʢʦʚ GPS Trimble R-3. ʉʝʪʴ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 9 ʪʦʯʝʢ ʠ 19 ʙʘʟʦʚʳʭ ʣʠʥʠʡ. ʉʝʪʝʚʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.10. 

 

ʈʠʩʫʥʦʢ 2. 10 ï ʉʭʝʤʘ ɻʅʉʉ - ʩʝʪʠ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ɹʫʪ-ʰʦʥ (ɺʴʝʪʥʘʤ) 

ɺʳʯʠʩʣʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

 ʘ) ʇʨʠʚʝʜʝʥʠʝ ʟʥʘʯʝʥʠʡ (X, Y, Z) ʢ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ. 

ʀʟ ʬʘʡʣʘ ʨʝʟʫʣʴʪʘʪʘ ʨʝʰʝʥʠʷ ʧʦʣʫʯʘʝʤ (X, Y, Z), ʠʭ ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ 

ʤʘʪʨʠʮʫ M ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ (B0, L0) ʪʦʯʢʠ, ʧʨʠʥʷʪʦʡ ʟʘ ʥʘʯʘʣʦ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʦʯʢʘ BS62 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʯʘʣʦ (ʠʩʭʦʜʥʳʡ ʧʫʥʢʪ). 

 ɽʸ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ:  
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Bo = 20
0
 31  50 36214, Lo = 105

0
 52  0 75151, Ho = 9.738ʤ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ: 

 X0 = -1633719.823ʤ, Y0 = 5747828.023ʤ, Z0 = 2222811.129ʤ. 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʚ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ B0, L0 ʪʦʯʢʠ BS62 ʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʦ ʧʨʦʝʢʮʠʠ UTM, ʵʣʣʠʧʩʦʠʜ WGS-84, ʦʩʝʚʦʡ ʤʝʨʠʜʠʘʥ 

L0=105
0
45, ʟʦʥʘ 3

0
: 

x  = 2270888.925ʤ; y = 512184.998ʤ. 

ʂʦʦʨʜʠʥʘʪʳ (x, y) ʠ ʚʳʩʦʪʘ H ʪʦʯʢʠ BS62 ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʠʩʭʦʜʥʳʝ (x, y, 

z) ʜʣʷ ʫʨʘʚʥʠʚʘʥʠʡ ʚ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ: 

(x,y,z)
T
 = (x , y , H0)

T
 = (2270888.925, 512184.998, 9.738)

T
. 

ʄʘʪʨʠʮʘ ʚʨʘʱʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.2), ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʠ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ (2.3) ʠ (2.4). 

ʄʘʪʨʠʮʘ ʚʨʘʱʝʥʠʷ R ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʫʥʢʪʘ ʨʝʬʝʨʝʥʮʠʠ ʩʝʪʠ (B0, L0): 

0 0 0 0 0

0 0

0 0 0 0 0

sin cos sin sin cos 0 0.337304 0.9.095881

sin cos

36500

0.96180 0

cos cos cos sin s

93 0.273426

0.256063 0.900813 0.35 6 7i 6n 0

T

B L B L B

R L L

B L B L B

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ 

ʣʦʢʘʣʴʥʫʶ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.7. 

ʊʘʙʣʠʮʘ 2.7 ï ʇʨʠʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ˉ ʃʠʥʠʷ 

ʀʟʤʝʨʝʥʠʷ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ 

ʀʟʤʝʨʝʥʠʷ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ 

X Y  x y z 

1 BS51-BS57 151.667 -20.951 166.356 177.400 -140.160 0.637 

2 BS5 -BS57 128.785 39.477 -1.981 -2.824 -134.670 1.892 

3 BS56-BS51 -22.880 60.436 -168.330 -180.220 5.485 1.264 

4 BS56-BS61 8.687 -41.833 112.434 120.238 3.081 -0.476 

5 BS61-BS57 120.093 81.318 -114.420 -123.070 -137.750 2.376 

6 BS57-BS62 12.223 -32.717 92.969 99.273 -2.812 0.004 

7 BS61-BS62 132.315 48.603 -21.449 -23.796 -140.560 2.382 

8 BS64-BS57 106.787 112.522 -205.260 -219.940 -133.480 2.033 

 



78 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.7 

9 BS64-BS51 -44.869 133.440 -371.630 -397.340 6.677 1.358 

10 BS64-BS61 -13.306 31.204 -90.840 -96.873 4.268 -0.343 

11 BS64-BS66 16.805 -40.977 117.188 125.180 -4.961 -0.116 

12 BS64-BS62 119.009 79.808 -112.290 -120.670 -136.290 2.040 

13 BS64-BS67 149.473 0.461 113.560 120.524 -143.900 1.971 

14 BS65-BS61 -146.640 -11.057 -85.750 -90.634 144.075 -2.488 

15 BS65-BS56 -155.330 30.770 -198.190 -210.870 140.996 -2.019 

16 BS66-BS67 132.671 41.444 -3.624 -4.654 -138.950 2.093 

17 BS67-BS61 -162.780 30.743 -204.400 -217.400 148.171 -2.315 

18 BS67-BS56 -171.470 72.578 -316.840 -337.640 145.089 -1.838 

19 BS67-BS65 -16.137 41.799 -118.660 -126.770 4.094 0.171 

 

ʀʩʧʦʣʴʟʫʷ ʢʦʦʨʜʠʥʘʪʳ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ BS62 ʠ ʧʨʠʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ 

ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʦʩʪʘʣʴʥʳʭ ʪʦʯʝʢ ʩʝʪʠ. ʇʨʠʙʣʠʞʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 2.8 

ʊʘʙʣʠʮʘ 2.8 ï ʇʨʠʙʣʠʞʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ 

ʀʤ ̫ x
0
 (ʤ) y

0
 (ʤ) z

0
 (ʤ) ʀʤ ̫ x

0
 (ʤ) y

0
 (ʤ) z

0
 (ʤ) 

BS51 2270612.252 512327.970 9.097 BS64 2271009.594 512321.292 7.698 

BS56 2270792.483 512322.479 7.832 BS65 2271003.355 512181.485 9.844 

BS57 2270789.652 512187.810 9.734 BS66 2271134.774 512316.331 7.582 

BS61 2270912.721 512325.560 7.356 BS67 2271130.12 512177.384 9.675 

 

ʙ) ʋʨʘʚʥʠʚʘʥʠʝ ɻʅʉʉ-ʩʝʪʝʡ ʚ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 

ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʩʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʷ ʧʦʧʨʘʚʦʢ ʧʦ ʬʦʨʤʫʣʝ (2.25), ʩʠʩʪʝʤʫ 

ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ (2.26) ʠ ʨʝʰʘʝʤ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ. 

ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʨʝʟʫʣʴʪʘʪ ʩʦ ʟʥʘʯʝʥʠʝʤ ʉʂʆ () = 

2.56. ʇʦʩʣʝ ʚʪʦʨʠʯʥʦʛʦ ʫʨʘʚʥʠʚʘʥʠʷ ʠ ʧʦʩʣʝ ʜʝʣʝʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ 

ʚʝʩʦʚ ʥʘ 
2
=6.5536, ʧʦʣʫʯʠʣʠ  = 1.00. ʈʝʟʫʣʴʪʘʪʳ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 2.9.  
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ʊʘʙʣʠʮʘ 2.9 ï ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʦʩʣʝ ʫʨʘʚʥʠʚʘʥʠʡ ʠ ʠʭ ʦʰʠʙʢʠ 

ˉ ʀʤ ̫
ʂʦʦʨʜʠʥʘʪ mX 

(ʤ) 

mY 

(ʤ) 

mZ 

(ʤ) 

mP 

(ʤ) x' y' z' 

1 BS51 2270612.255 512327.968 9.090 0.002 0.002 0.005 0.006 

2 BS56 2270792.480 512322.479 7.833 0.001 0.001 0.004 0.004 

3 BS57 2270789.652 512187.809 9.731 0.001 0.001 0.003 0.004 

4 BS61 2270912.721 512325.560 7.356 0.001 0.001 0.003 0.003 

5 BS64 2271009.594 512321.292 7.700 0.001 0.001 0.003 0.003 

6 BS65 2271003.354 512181.484 9.846 0.001 0.002 0.004 0.005 

7 BS66 2271134.774 512316.332 7.583 0.001 0.001 0.004 0.005 

8 BS67 2271130.120 512177.388 9.673 0.001 0.001 0.003 0.004 

9 BS62 2270888.725 512184.998 9.738 0 0 0 0 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ: 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʡ ʩʪʦʨʦʥʳ:  

BS61-BS64:   1/ 69202 

ɸʟʠʤʫʪʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʡ ʩʪʦʨʦʥʳ:  

BS65-BS67:   3 3. 

ʊʦʯʢʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʝʤ ï BS51, ʩʦ ʟʥʘʯʝʥʠʝʤ ʩʨʝʜʥʝʛʦ 

ʦʪʢʣʦʥʝʥʠʷ 

mP = Ñ0.006 ʤ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʜʦʙʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. 

2.5 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʛʝʦʜʝʟʠʠ, ʪʘʢʠʭ ʢʘʢ ʩʦʟʜʘʥʠʝ 

ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ, ʚʳʥʦʩʳ ʧʨʦʝʢʪʘ ʚ 

ʥʘʪʫʨʫ ʠ ʪ.ʧ. ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʣʦʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ X,Y, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʤʝʩʪʥʦʡ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʞʝ 

ʥʦʨʤʘʣʴʥʫʶ ʚʳʩʦʪʫ H  (ʠʣʠ h). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɻʅʉʉ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʠʥʞʝʥʝʨʠʠ ʥʘʙʠʨʘʝʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʦ ɺʴʝʪʥʘʤʝ. ʉʧʫʪʥʠʢʦʚʳʡ ʤʝʪʦʜ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ X,Y,Z. 
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ʆʜʥʘʢʦ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚʦ ɺʴʝʪʥʘʤʝ ʧʨʠʥʷʪʦ 

ʚʳʧʦʣʥʷʪʴ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʧʣʦʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ VN-2000 

(ʩʦʛʣʘʩʥʦ ʧʨʠʢʘʟʫ ˉ 83/2000 / QD-TTg ʦʪ 12 ʠʶʣʷ 2000 ʛʦʜʘ ʧʨʝʤʴʝʨ-

ʤʠʥʠʩʪʨʘ) ʚ ʧʦʧʝʨʝʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʄʝʨʢʘʪʦʨʘ UTM ʥʘ 

ʵʣʣʠʧʩʦʠʜʝ WGS-84 ʩ ʥʘʯʘʣʦʤ ʚ ʧʫʥʢʪʝ N00 ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ ʢʘʜʘʩʪʨʘ 

ʚ ʍʘʥʦʝ. ɼʣʷ ʢʘʜʘʩʪʨʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʩʬʝʨʝ 

ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ ʚ ʧʨʠʢʘʟʝ ʪʘʢʞʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ 

ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʨʠʜʠʘʥ ʩ ʧʨʦʝʢʮʠʝʡ UTM 3Á ʜʣʷ ʧʨʦʚʠʥʮʠʡ ɺʴʝʪʥʘʤʘ.  

ʇʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʠ UTM ʷʚʣʷʶʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ. 

ʂʦʦʨʜʠʥʘʪʳ ʥʘ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʝ ʚʳʯʠʩʣʷʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0

0

0

UTM ɻʘʫʩʩ

UTM ɻʘʫʩʩ

UTM ɻʘʫʩʩ

x m x

y m y

S m S

,     (2.39) 

ʛʜʝ m0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʘʞʝʥʠʷ ʜʣʠʥʳ ʣʠʥʠʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʤʝʨʠʜʠʘʥʝ 

ʧʨʦʝʢʮʠʠ UTM. 

ɺ 1-ʦʡ ʛʣʘʚʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʧʨʘʚʢʘ ʢ ʜʣʠʥʝ ʣʠʥʠʠ ʥʘ ʧʨʦʝʢʮʠʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʝʢʮʠʠ UTM ʥʘ ʧʣʦʩʢʦʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

2

0 2
( 1 ) '

2

m
UTM

m

y
S m S

R
,    (2.40) 

ʛʜʝ: S'= ʜʣʠʥʘ ʣʠʥʠʠ ʥʘ ʵʣʣʠʧʩʦʠʜʝ; ym ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʠ 

ʢʦʥʝʯʥʦʡ ʘʙʩʮʠʩʩ ʪʦʯʢʠ ʣʠʥʠʠ S. 

ʆʪʢʫʜʘ: 
2

0 2
( 1 )

' 2

UTM m

m

S y
m

S R
.     (2.41) 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ m0 = 1 ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʬʦʨʤʫʣʳ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ 

ʩ ʧʨʦʝʢʮʠʝʡ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ.  

ʀʟ ʬʦʨʤʫʣʳ (2.41) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʝʜʝʣʳ ʧʣʦʱʘʜʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 1 / T. 

max 0

0

2 1
1my R m

m T
; min 0

0

2 1
1my R m

m T
.  (2.42) 
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ʇʨʠ ʧʨʦʝʢʮʠʠ UTM, ʟʦʥʳ ʚ 3
o
 , m0= 0.9999, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ 1/T 

=1/200 000, ʪʦ ymax = 92.3 ʢʤ ʠ ymin = 87.8 ʢʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʱʘʜʴ ʩ 

ʜʝʬʦʨʤʘʮʠʝʡ ʤʝʥʝʝ 1/200 000 ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 4,5 ʢʤ (ʩʤ. ʨʠʩʫʥʦʢ 2.11) 

ʇʨʠ ʧʨʦʝʢʮʠʠ UTM, ʟʦʥ ʚ 6
o
, m0= 0.9996, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ 1/T 

=1/200 000, ʪʦ ymax = 181.3 ʢʤ ʠ ymin = 179.1 ʢʤ. ʇʣʦʱʘʜʴ ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʤʝʥʝʝ 

1/200 000 ʩʦʩʪʘʚʠʪ ʚʩʝʛʦ 2,25 ʢʤ (ʩʤ. ʨʠʩʫʥʦʢ 2.12) 

  

ʈʠʩʫʥʦʢ 2.11 ï ʇʨʦʝʢʮʠʷ UTM, ʟʦʥʘ 3
o
 ʈʠʩʫʥʦʢ 2.12 ï ʇʨʦʝʢʮʠʷ UTM, ʟʦʥʘ 6

o
 

ʊʝʧʝʨʴ ʧʦʢʘʞʝʤ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʚʠʥʮʠʠ ʊʭʘʥʴ-ʭʦʘ. ʇʨʦʚʠʥʮʠʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʰʠʨʦʪʝ 19Á40', ʝʝ ʰʠʨʠʥʘ ʦʢʦʣʦ 200 ʢʤ ʦʪ 104Á25' ʜʦ ʰʠʨʦʪʳ 

106Á05'. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ [86], ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʨʠʜʠʘʥ ʨʘʚʝʥ L0 = 105Á (UTM-

ʟʦʥʘ 3
o
). ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ L0 ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.13.  

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ ʨʘʩʯʝʪʫ, ʪʦʣʴʢʦ ʫʟʢʘʷ ʧʦʣʦʩʘ ʰʠʨʠʥʦʡ 4,5 

ʢʤ ʫʜʦʚʣʝʪʚʨʦʨʷʝʪ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ. ɺ 90 ʢʤ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ 

ʜʣʠʥʘ ʠʩʢʘʞʝʥʠʷ ʣʠʥʠʡ ʪʘʢʞʝ ʤʝʥʝʝ 1/200000 (ʩʤ. ʨʠʩʫʥʦʢ 2.13). ʆʜʥʘʢʦ 

ʪʦʣʴʢʦ ʧʨʘʚʘʷ ʩʪʦʨʦʥʘ ʟʦʥʳ ʧʦʢʨʳʚʘʝʪ ʧʨʦʚʠʥʮʠʶ ʊʭʘʥʴ-ʭʦʘ (ɺʴʝʪʥʘʤ), ʣʝʚʘʷ 

ʧʨʠʥʘʜʣʝʞʠʪ ʃʘʦʩʩʢʦʡ ʅʘʨʦʜʥʦ-ɼʝʤʦʢʨʘʪʠʯʝʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ. ɺʩʝ ʦʙʣʘʩʪʠ, ʥʝ 

ʦʭʚʘʯʝʥʥʳʝ ʜʚʫʤʷ ʫʟʢʠʤʠ ʧʦʣʦʩʘʤʠ, ʧʦʜʚʝʨʞʝʥʳ ʚʘʨʠʘʮʠʠ ʜʣʠʥʳ ʧʨʦʝʢʮʠʠ 

UTM, ʧʨʝʚʳʰʘʶʱʝʡ 1/200000. ɽʩʣʠ ʧʣʦʱʘʜʠ ʟʘʩʪʨʦʡʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩʧʨʘʚʘ 

ʦʪ ʤʝʨʠʜʠʘʥʘ L0 (L0 = 105Á, ʚ ʨʘʡʦʥʘʭ ʂʫʘʥ-ʭʦʘ, ʃʘʥʛ-ʯʘʥʴ), ʪʦʛʜʘ ʠʩʢʘʞʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ 1/10000. ʕʪʠ ʠʩʢʘʞʝʥʠʷ ʦʯʝʥʴ ʚʝʣʠʢʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʧʨʝʚʳʰʘʶʪ ʪʨʝʙʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ 309: 2004 ï TCVN (ɺʴʝʪʥʘʤ) [88]. ʆʯʝʚʠʜʥʦ, 
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ʯʪʦ ʝʩʪʴ ʚʦʧʨʦʩ ʥʘʜʣʝʞʘʱʝʤ ʩʦʟʜʘʥʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʘʨʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʭʝʤʘ ʟʦʥʳ ʚ ʧʨʦʚʠʥʮʠʠ ʊʭʘʥʴ-ʭʦʘ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʘʥʘʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ, ʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʰʠʨʠʥʘ ʦʙʣʘʩʪʠ ʰʠʨʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʩʢʦʡ ʧʨʦʝʢʮʠʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ (ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ). 

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʢʦʨʦʪʢʫʶ ʩʚʷʟʴ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩ ʧʣʦʩʢʠʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ. ʇʨʠ ʢʦʥʢʨʝʪʥʳʭ 

ʨʘʩʯʝʪʘʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʤʝʥʝʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʝʪ ʠʭ 

ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. ʕʪʦ ʚʝʩʴʤʘ ʫʜʦʙʥʦ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ. 
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ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʤʦʞʥʦ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʫʩʣʦʚʠʡ: 

1. ʅʘ ʦʙʲʝʢʪʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʚ ʨʘʜʠʫʩʝ 11 ʢʤ) ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩ 

ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʦʡ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʟʜʘʥʠʷ (ʩʦ ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ ʪʦʯʝʢ) ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ. ʕʪʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʝ ʧʦʜʭʦʜʠʪ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʜʦʨʦʛ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʙʦʣʝʝ 

11 ʢʤ. 

2. ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘʥʠʡ 

ʬʫʥʜʘʤʝʥʪʦʚ ʩʪʨʦʷʱʠʭʩʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʘʣʛʦʨʠʪʤʘ. 

3. ɺ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʣʦʩʢʠʤʠ ʫʯʘʩʪʢʠ ʩ ʨʘʜʠʫʩʦʤ L, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 11 ʢʤ. ɼʣʷ ʥʝʨʦʚʥʦʡ 

ʤʝʩʪʥʦʩʪʠ (ʥʘʢʣʦʥ ʜʦ 0.275) ʫʩʣʦʚʥʳʡ ʨʘʜʠʫʩ ʜʦʣʞʝʥ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʜʦ 9 ʢʤ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʪʦʯʝʢ ʩʝʪʠ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʂʚʘʟʠʛʝʠʜʘ ʠʣʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʩ ʫʯʸʪʦʤ 

ʫʢʣʦʥʝʥʠʡ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. ʆʨʠʝʥʪʠʨʦʚʘʥʠʝ ʪʦʧʦʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʠ ʙʫʜʝʪ ʧʦʢʘʥʦ ʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʘʭ ʚ ʩʣʜʝʫʶʱʝʡ ʛʣʘʚʝ. 

2.6 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʣʦʩʢʦʡ ʧʨʦʝʢʮʠʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ (ʟʦʥʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘ-

ʂʨʶʛʝʨʘ). ɸʣʛʦʨʠʪʤ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʠ ʫʜʦʙʥʫʶ 



84 

 

ʚʟʘʠʤʦʩʚʷʟʴ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩ ʧʣʦʩʢʠʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ. ʅʦ 

ʛʣʘʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʵʬʬʝʢʪʠʚʥʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʚʳʯʠʩʣʝʥʠʡ. ʇʨʠ 

ʢʦʥʢʨʝʪʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʤʝʥʝʥʠʝ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʬʘʢʪʠʯʝʩʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʨʠ ʫʨʘʚʥʠʚʘʥʠʠ ɻʅʉʉ-ʩʝʪʝʡ ʚ ʣʦʢʘʣʴʥʦʡ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʥʝ 

ʠʩʢʘʞʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ. ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ 

ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʠʩʢʘʞʝʥʠʷ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦ 

ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʝʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʦʙʣʘʩʪʠ. 

ʋʨʘʚʥʠʚʘʥʠʝ ɻʅʉʉ-ʩʝʪʝʡ ʚ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʣʦʩʢʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. 

ɺ ʣʦʢʘʣʴʥʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʦʨʤʘʣʴʥʳʝ ʚʳʩʦʪ r

ʚʯrʠʩʣʷʶʪʩʷ ʧʦ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʧʦʣʫʯʘʝʤʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. 

ɸʣʛʦʨʠʪʤ ʫʨʘʚʥʠʚʘʥʠʷ ɻʅʉʉ-ʩʝʪʝʡ ʣʝʛʢʦ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʨʘʟʙʠʚʦʯʥʳʭ ʩʝʪʝʡ ʩ ʥʝʙʦʣʴʰʠʤʠ ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʥʘʫʯʥʦʝ ʧʦʣʦʞʝʥʠʝ: ʧʨʠ 

ʠʟʳʩʢʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʟʜʘʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ ʵʪʦʤ ʦʧʦʨʥʫʶ ʩʝʪʴ ʩʣʝʜʫʝʪ 

ʧʨʦʝʮʠʨʦʚʘʪʴ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ, ʯʪʦ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ 

ʪʦʯʥʦʩʪʠ ʠ ʚ ʧʣʘʥʝ, ʠ ʧʦ ʦʪʤʝʪʢʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ ʟʦʥʳ. 



85 

 

ɻʃɸɺɸ 3 ʆɹʆʉʅʆɺɸʅʀɽ ʄɽʊʆɼʀʂʀ ʆʇʈɽɼɽʃɽʅʀʗ 

ʅʆʈʄɸʃʔʅʓʍ ɺʓʉʆʊ ʇʆ ɼɸʅʅʓʄ ʉʇʋʊʅʀʂʆɺʓʍ 

ʆʇʈɽɼɽʃɽʅʀʁ ʇʈʀ ʉʆɿɼɸʅʀʀ ʆʇʆʈʅʆʁ ɻɽʆɼɽɿʀʏɽʉʂʆʁ ʉɽʊʀ 

ɼʃʗ ʀɿʓʉʂɸʅʀʁ ʀ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʧʨʦʩ ʦ ʚʳʩʦʪʘʭ. ɺʳʩʦʪʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʤʦʞʥʳ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʭʦʨʦʰʦ ʩʦʚʤʝʩʪʠʤʳ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʥʠʚʝʣʠʨʦʚʘʥʠʝʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ, ʚ ʛʦʨʠʩʪʦʡ 

ʙʦʣʦʪʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʧʷʪʩʪʚʠʷʭ ʠ ʪ.ʜ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʞʝ ʙʝʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ ʤʳ 

ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ ʣʶʙʦʡ ʪʦʯʢʠ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʤʦʜʝʣʠ 

ʢʚʘʟʠʛʝʦʠʜʘ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʪ ʩ ʧʦʤʦʱʴʶ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʠʚʝʣʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʥʘʣʠʯʠʠ ʤʦʜʝʣʠ 

ʢʚʘʟʠʛʝʦʠʜʘ ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ ʣʶʙʦʡ ʪʦʯʢʠ ʜʘʞʝ ʙʝʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʠʚʝʣʠʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʦʧʠʨʘʷʩʴ ʪʦʣʴʢʦ ʥʘ ɻʅʉʉ ʠʟʤʝʨʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʛʣʦʙʘʣʴʥʳʝ ʤʦʜʝʣʠ ʛʝʦʠʜʘ EGM2008, EIGEN-

6C4, GECO, ɻɸʆ-2012. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʛʝʦʧʦʪʝʥʮʠʘʣʘ 

(2190-ʩʪʝʧʝʥʴ) ʠʤʝʝʪ ʤʦʜʝʣʴ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʉʐɸ (National Geospatial-Intelligence 

Agency - NGA) EGM2008 ʩ ʨʘʟʤʝʨʘʤʠ ʩʝʪʢʠ 1ʭ1 ʠʣʠ 2,5ʭ2,5 ʤʠʥʫʪʳ. ɿʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʜʝʪʘʣʴʥʦʩʪʠ ʠʤʝʥʥʦ EGM2008 ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʜʥʘʢʦ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. 
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ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʨʷʜʦʢ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʧʦ ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚʦ ɺʴʝʪʥʘʤʝ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣ ɹʛʝʦʠʜʘ EGM2008. 

ʇʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ ʛʝʦʠʜʘ EGM2008 ʠ ʚʳʩʦʪ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ-

ʠʟʤʝʨʝʥʠʡ, ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ɺʳʯʠʩʣʝʥʳ ʦʰʠʙʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ, ʘ ʪʘʢʞʝ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦ 

ʧʝʨʝʜʘʯʝ ʦʪʤʝʪʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ. 

3.1  ʇʦʩʪʨʦʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ ʤʝʪʦʜʦʤ ɻʅʉʉ-

ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʧʦ ɻʅʉʉ-

ʪʝʭʥʦʣʦʛʠʠ, ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʤʦʜʝʣʠ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ, 

ʪʘʢʠʝ ʢʘʢ ʤʦʜʝʣʠ EGM96 ʠʣʠ EGM2008, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʠʣʠ 

ʚʳʩʦʪʳ ʛʝʦʠʜʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ (H) ʚ ʥʦʨʤʘʣʴʥʫʶ 

ʚʳʩʦʪʫ (h) ʜʣʷ ʪʦʯʝʢ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ. 

ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʣʦʢʘʣʴʥʫʶ ʤʦʜʝʣʴ ʢʚʘʟʠʛʝʦʠʜʘ, ʙʦʣʝʝ ʪʦʯʥʫʶ, ʯʝʤ 

ʤʦʜʝʣʴ EGM2008, ʠʩʧʦʣʴʟʫʶʪ ʥʘʙʦʨ ʪʦʯʝʢ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʚʳʩʦʪʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʩʝʪʴ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʝè 

[36, 47, 48, 52, 105, 107]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ 

ʢʚʘʟʠʛʝʦʠʜʘ (ʧʦʚʝʨʭʥʦʩʪʠ) ʧʨʠʤʝʥʠʤʘ ʪʦʣʴʢʦ ʜʣʷ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʚʳʩʦʪ 
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ɺʳʩʦʪʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚʳʨʘʞʝʥʠʝʤ [28, 61, 67] (ʩʤ. ʨʠʩʫʥʦʢ 3.1): 

      gH H N H ,  (3.1) 

ʛʜʝ: H ïʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ, H
g 
ï ʦʨʪʦʤʝʪʨʠʯʝʩʢʘʷ (ʘʙʩʦʣʶʪʥʘʷ) ʚʳʩʦʪʘ 

(ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʛʝʦʠʜʦʤ), H  ï ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ (ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʢʚʘʟʠʛʝʦʠʜʦʤ), 

 ï ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ, N ï ʚʳʩʦʪʘ ʛʝʦʠʜʘ. 

ʉʝʛʦʜʥʷ ʫ ʥʘʩ ʜʦʩʪʘʪʦʯʥʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʠ 

ʚʳʩʦʪʳ  ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʨʠʯʝʤ ʵʪʦ ʩʜʝʣʘʪʴ ʥʝ ʩʣʦʞʥʦ. ɺ ʠʩʢʦʤʳʭ 

ʪʦʯʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʚʳʩʦʪʫ H ʧʦ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ ʠ 

ʥʦʨʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʧʦ ʤʝʪʦʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ɺ ʧʨʠʥʮʠʧʝ, 

ʤʦʞʥʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ  ʚ ʥʝʠʟʚʝʩʪʥʳʭ ʪʦʯʢʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʠʟʚʝʩʪʥʳʭ ʪʦʯʢʘʭ ʧʦ ʬʦʨʤʫʣʘʤ ʠʥʪʝʨʧʦʣʷʮʠʠ (ʥʘʧʨʠʤʝʨ, 

ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ, ʜʚʫʩʪʦʨʦʥʥʷʷ ʬʫʥʢʮʠʷ, ʉʧʣʘʡʥ-ʬʫʥʢʮʠʷ ʠ ʪ. ʜ.), 

ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ. 

ʉʦʛʣʘʩʥʦ [104], ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ: ʦʩʪʘʪʦʯʥʳʡ ʠ ʚʦʣʥʦʚʦʡ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤ ʷʚʣʷʝʪʩʷ ʦʩʪʘʪʦʯʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʠ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠ EGM2008. ʆʥ ʠʤʝʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ [44, 66, 76, 75, 89, 104, 107], ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʆʩʪʘʪʦʯʥʳʡ ʤʝʪʦʜ ʜʘʝʪ ʣʫʯʰʫʶ 

ʤʦʜʝʣʴ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʚ ʣʦʢʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ (ʥʘ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ). 

ʕʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʪʦʜ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʦʜʝʣʠ EGM2008 ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ.  

ɿʥʘʷ ʪʦʯʥʫʶ ʤʦʜʝʣʴ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ɕ, ʤʳ ʤʦʞʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 

ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʚʳʩʦʪʫ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʦʨʤʘʣʴʥʫʶ 

ʚʳʩʦʪʫ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʘʤ ʥʫʞʥʘ ʤʦʜʝʣʴ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ɕ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʩʤ, ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩ ʪʦʯʥʦʩʪʴʶ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ III ʠʣʠ IV ʢʣʘʩʩʘ. 

ɺʦʣʥʦʚʦʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʪʨʦʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʙʝʟ ʫʣʫʯʰʝʥʠʷ ʤʦʜʝʣʠ EGM2008. ʃʦʢʘʣʴʥʘʷ ʤʦʜʝʣʴ ʘʥʦʤʘʣʠʡ 

ʚʳʩʦʪ ʦʩʥʦʚʘʥʘ ʥʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ɕ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 
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ʪʦʯʢʝ ʧʦ ʥʘʙʦʨʫ ʪʦʯʝʢ ɻʅʉʉ ʩ ʠʟʚʝʩʪʥʳʤʠ ʥʦʨʤʘʣʴʥʳʤʠ ʚʳʩʦʪʘʤʠ ʠ 

ʫʨʘʚʥʠʚʘʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ɺʦʣʥʦʚʦʡ ʤʝʪʦʜ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʤʳ ʠʤʝʝʤ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ ɻʅʉʉ 

ʠʟʤʝʨʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʥʦʨʤʘʣʴʥʳʝ ʚʳʩʦʪʳ. 

ʄʦʜʝʣʴ EGM2008 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʝʥʘ, ʠ ʝʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʘʥʥʳʤʠ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ɺʴʝʪʥʘʤʘ. 

ɸʣʛʦʨʠʪʤ ʫʨʘʚʥʠʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʚʳʩʦʪʫ,  

ʥʦʨʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʠ ʘʥʦʤʘʣʠʶ ʚʳʩʦʪʳ 

ɼʣʷ ʪʦʯʝʢ ʩʝʪʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ, ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʳ 

ʠ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʤʳ ʤʦʞʝʤ ʚʳʯʠʩʣʠʪʴ ʚʝʢʪʦʨ ʦʪʢʣʦʥʝʥʠʡ i  ʧʦ ʬʦʨʤʫʣʝ: 

 
2008 / 2008  ɻʅʉʉ ʅʠʚ

i i i i i iH h  (3.2) 

ʠ ʩʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ ʧʦʧʨʘʚʦʢ ʜʣʷ ʫʨʘʚʥʠʚʘʥʠʷ: 

 ( , ) T

i i i i i i if v a x v . (3.3) 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ A ʠ ʥʝʠʟʚʝʩʪʥʳʝ, ʟʘʚʠʩʠʤʳʝ ʦʪ ʤʦʜʝʣʠ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʳʙʨʘʥʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʪʨʝʤʷ ʵʣʝʤʝʥʪʘʤʠ ʚʳʩʦʪʳ. ɺ 

ʫʨʘʚʥʝʥʠʷʭ (3.2) ʠ (3.3) iH , ih , 
2008

i
 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ, 

ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʠ ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ (ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʤʦʜʝʣʠ EGM2008) ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʯʢʝ i, ʠ /(  )ɻʅʉʉ ʅʠʚ

i i i
H h ï ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ɻʅʉʉ-

ʥʠʚʝʣʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʤ 5 ʪʠʧʦʚ ʤʦʜʝʣʝʡ: ʚʢʣʶʯʘʶʱʝʡ 

4 ʧʘʨʘʤʝʪʨʘ, 5 ʧʘʨʘʤʝʪʨʦʚ, ʤʥʦʛʦʯʣʝʥ 1 ʩʪʝʧʝʥʠ, ʤʥʦʛʦʯʣʝʥ 2 ʩʪʝʧʝʥʠ ʠ 

ʤʥʦʛʦʯʣʝʥ 3 ʩʪʝʧʝʥʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʫʣʘʭ (3.4) - (3.8) ʥʠʞʝ 

[40, 99, 107]: 

 0 1 2 3cos cos cos sin sinT

i i i i i i ia x x x x x   (3.4) 

 
2

0 1 2 3 4cos cos cos sin sin sinT

i i i i i i i ia x x x x x x   (3.5) 

 0 1 2

T

i i i ia x x x x   (3.6) 

 
2 2

0 1 2 3 4 5

T

i i i i i i i ia x x x x x x x  (3.7) 

 
2 2 3 2 2 3

0 1 2 3 4 5 6 7 8 9

T

i i i i i i i i i i i i i ia x x x x x x x x x x x     (3.8) 
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ʆʙʱʘʷ ʬʦʨʤʘ  0 0

0 0

( ) ( ) cos
M N

T n m m

i i q i i i

m n

a x x  

ɺ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠʟʤʝʨʝʥʠʷ ʠ ʝʝ ʨʝʰʝʥʠʝ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 L Ax V (3.9) 

 
1 1( ) ( )T T T Tx A PA A PL A A A L, (3.10) 

ʛʜʝ P ï ʚʝʩʦʚʘʷ ʤʘʪʨʠʮʘ (ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʜʠʩʧʝʨʩʠʠ ï ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ 

ʤʘʪʨʠʮʘ ʠʟʤʝʨʝʥʠʡ). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʰʠʙʢʠ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʚʳʩʦʪʘʤʠ ʠ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʡ, ʪ.ʝ ʦʥʠ ʥʝʟʘʚʠʩʠʤʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʳ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʳʩʦʪʳ ʠʟʤʝʨʝʥʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʪʦʯʥʦʩʪʴʶ, ʪʦʛʜʘ ʚʝʩʦʚʘʷ 

ʤʘʪʨʠʮʘ ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝʡ. 

ʂʨʦʤʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʛʝʦʜʝʟʠʠ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʉʧʣʘʡʥ ʬʫʥʢʮʠʠ [33, 40]. ʉʧʣʘʡʥ-

ʬʫʥʢʮʠʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʦʣʥʦʚʦʤ ʤʝʪʦʜʝ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʘʥʦʤʘʣʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʙʘ ʩʣʫʯʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ 

ʤʦʜʝʣʠ EGM2008. ɸʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ʪʦʯʢʠ ʠʥʪʝʨʧʦʣʠʨʫʝʪʩʷ ʧʦ ʪʦʯʢʘʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʉʧʣʘʡʥ ʬʫʥʢʮʠʠ, ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 
2 2

1 2 3

1

( , ) ln( )
i i

n

i PP PP

i

P x y a r r x y, (3.11) 

ʛʜʝ: 2 2( ) ( )
iPP i ir x x y y , 

1i 2 3a i 1 n ; , , ï ʠʩʢʦʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ: 

11,2 1,n 1 1 1

22,1 2,n 2 2 2

nn,1 n,2 n n n

1

21 2 n

31 2 n

a0 g ... g 1 x y

ag 0 ... g 1 x y

...... ... ... ... ... ... ... ...

ag g ... 0 1 x y

1 1 ... 1 0 0 0 0

x x ... x 0 0 0 0

y y ... y 0 0 0 0

   (3.12) 
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ʛʜʝ: 

2 2

, ,

ln( );( )

0;( )

i j i jPP PP

i j j i

r r i j
g g

i j
  

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʛʜʘ (x, y) ï ʢʦʦʨʜʠʥʘʪʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʤʳ 

ʜʦʣʞʥʳ ʥʦʨʤʠʨʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
min

min

' ( ) /

' ( ) /

i

i

x x x r

y y y r
 (3.13) 

ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʤʳ ʤʦʞʝʤ 

ʚʳʯʠʩʣʠʪʴ ɕ ʪʦʯʝʢ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ (h) ʚʩʝʭ ʪʦʯʝʢ ʚ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ɻʅʉʉ ʪʝʭʥʦʣʛʠʠ: 

 
2008( )h H  (3.14) 

3.2 ʇʦʩʪʨʦʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ ʧʦ ʜʘʥʥʳʤ ʛʣʦʙʘʣʴʥʦʡ 

ʤʦʜʝʣʠ EGM2008 ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ, ʧʦʩʪʨʦʝʥʠʷ ʧʦ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʠʟ 180 

ʪʦʯʝʢ (ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ (ʪʝʩʪʦʚʦʡ) 

ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʧʣʘʪʦ ɺʴʝʪʥʘʤʘ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ 

ʜʚʫʭʯʘʩʪʦʪʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ ʥʝ ʤʝʥʝʝ 6 ʯʘʩʦʚ ʢʘʞʜʳʡ ʧʨʠʝʤ. ʊʦʯʢʠ ɻʅʉʉ-

ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʦ ʧʦ ʧʨʦʚʠʥʮʠʷʤ ʦʪ 

ʂʫʘʥʛ-ʥʘʤ ʜʦ ʃʘʤ-ʜʦʥʛ, ɹʠʥʴ-ʬʫʦʢ, ʅʠʥʴ-ʪʭʫʘʥ (ʪʘʙʣʠʮʘ 3.1 ʠ ʨʠʩʫʥʦʢ 3.2). 

ʊʘʙʣʠʮʘ 3.1 ï ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ  

ˉ  ʀʤʷ  B(0)  L(0)  H (ʤ)  h (ʤ)  
ɻʅʉʉ/ʥʠʚ

 

(ʤ)  

2008 

(ʤ)  

æɕ 

(ʤ) 

1 III(QK -LT)8  11.693324 107.79628 862.805 861.031 1.774 1.156 0.618 

2 III(LT -DT)5  11.740386 107.66505 674.824 674.06 0.764 0.233 0.531 

3 I(VL -HT)181  11.748384 109.07071 25.893 20.293 5.600 4.736 0.864 

4 
II(BMT -

DT)25  
11.766317 108.36272 968.001 963.285 4.716 3.993 0.723 

5 II(DL -PR)27  11.792132 108.76320 129.587 124.997 4.59 4.016 0.574 

é é é é é é é é é 

162 
I(DN-

BMT)28  
15.307949 107.73007 552.322 559.686 -7.364 -8.215 0.851 

163 
III(BHA -

HD)9  
15.341790 108.17678 90.384 97.62 -7.236 -7.928 0.692 
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ʅʘʤʝʨʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝ ʚʩʝ 180 ʪʦʯʝʢ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ EGM2008. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʝʣʠ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ 163 ʪʦʯʢʠ (n = 163), 

17 ʦʩʪʘʣʴʥʳʭ ʪʦʯʝʢ ʦʩʪʘʚʠʣʠ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʵʢʩʧʝʨʠʤʝʥʪʘ). 

 

ʈʠʩʫʥʦʢ 3.2 ï ʉʝʪʴ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ (ʎʝʥʪʨʘʣʴʥʦʝ ʧʣʘʪʦ ɺʴʝʪʥʘʤʘ) 

ʇʨʦʮʝʜʫʨʘ ʚʳʯʠʩʣʝʥʠʷ 

ʇʨʠʤʝʥʷʷ ʙʘʟʫ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʴʶ EGM2008, 

ʍʘʥʩ-ɻʝʨʜ ɼʫʝʥʢ-ʂʝʨʩʪ (Hans-Gerd Duenck-Kerst) ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʛʨʘʤʤʫ 

Alltrans EGM2008 Calculator [82, 83]. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Alltrans 

EGM2008 Caculator ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ EGM2008: ʩ 
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ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ, ʚʩʪʨʦʝʥʥʫʶ ʚ 

ʧʨʦʛʨʘʤʤʫ, ʩ ʨʘʟʤʝʨʦʤ ʦʢʥʘ 2.5'Ĭ2.5' ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʝʪʦʜʘʭ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʙʠʣʠʥʝʡʥʦʡ 

ʬʫʥʢʮʠʝʡ, ʙʠʢʚʘʜʨʘʪʥʦʡ ʬʫʥʢʮʠʝʡ ʠʣʠ ʙʣʠʞʘʡʰʠʤ ʩʦʩʝʜʦʤ [89]. ʇʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʳ ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʘʥʦʤʘʣʠʶ ʚʳʩʦʪʳ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʦʯʝʢ ʩʝʪʠ 

ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ (163 ʪʦʯʝʢ). 

ɼʘʣʴʰʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 5 ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʫʨʘʚʥʠʚʘʥʠʡ, ʘ 

ʠʤʝʥʥʦ: ʤʦʜʝʣʠ 4 ʧʘʨʘʤʝʪʨʦʚ, 5 ʧʘʨʘʤʝʪʨʦʚ, ʤʥʦʛʦʯʣʝʥ 1 ʩʪʝʧʝʥʠ, ʤʥʦʛʦʯʣʝʥ 2 

ʩʪʝʧʝʥʠ ʠ ʤʥʦʛʦʯʣʝʥ 3 ʩʪʝʧʝʥʠ ï ʜʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ EGM2008 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʥʠʷ ɻʅʉʉ-

ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʠ ʪʘʙʣʠʮʘʭ. 

ʊʘʙʣʠʮʘ 3.2 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʣʦʥʝʥʠʡ ʘʥʦʤʘʣʠʡ ɻʅʉʉ-

ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠ EGM2008 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ʄʘʢ.  

(ʤ) 

ʄʠʥ. 

(ʤ) 

ʉʨʝʜʥʷʷ 

(ʤ) 

ʉʨʝʜʥʷʷ 

ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ (ʤ) 

ʉʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 

(ʤ) 

ʊʦʣʴʢʦ ʤʦʜʝʣʴ EGM2008 1.186 0.169 0.818 0.841 0.196 

ʄʦʜʝʣʴ 4 ʧʘʨʘʤʝʪʨʦʚ 0.365 -0.614 0.000 0.187 0.187 

ʄʦʜʝʣʴ 5 ʧʘʨʘʤʝʪʨʦʚ 0.336 -0.640 0.000 0.186 0.187 

ʄʦʜʝʣʴ ʤʥʦʛʦʯʣʝʥ 1 ʩʪʝʧʝʥʠ 0.356 -0.602 0.000 0.193 0.194 

ʄʦʜʝʣʴ ʤʥʦʛʦʯʣʝʥ 2 ʩʪʝʧʝʥʠ 0.361 -0.523 0.000 0.178 0.178 

ʄʦʜʝʣʴ ʤʥʦʛʦʯʣʝʥ 3 ʩʪʝʧʝʥʠ 0.428 -0.403 0.000 0.143 0.143 

 

ɺ ʪʘʙʣʠʮʝ 3.2 ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ (ʉʂʇ) ʠ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 
(

;
1

ii i

n n
, (3.15) 

ʛʜʝ:  ï ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ;  - ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; 

ʨʘʟʥʠʮʘ ʚʳʯʠʩʣʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ i-ʦʡ ʪʦʯʢʠ ʩʝʪʢʠ ɻʅʉʉ-

ʥʠʚʝʣʠʨʦʚʘʥʠʷ;  ï ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ; n ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ. 

ʇʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʧʦ ʤʦʜʝʣʷʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʵʪʦʪ 

ʤʝʪʦʜ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, 
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ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʧʝʨʝʩʯʝʪʘ ʚʳʩʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ 

ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ, ʚʳʯʠʩʣʝʥʥʘʷ ʚ ʬʦʨʤʫʣʝ (3.15), ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ. 

ʀʟ ʪʘʙʣʠʮʳ 3.2 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʴʶ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴ ʤʥʦʛʦʯʣʝʥʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʤʳ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠ 

ʤʦʜʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ ʦʪʢʣʦʥʝʥʠʷ ʥʝ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʜʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ʭʫʞʝ, ʯʝʤ ʤʦʜʝʣʴ ʤʥʦʛʦʯʣʝʥʘ 3-ʡ ʩʪʝʧʝʥʠ.  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ: 

 

ʈʠʩʫʥʦʢ 3.3 ï ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʆ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

 

ʈʠʩʫʥʦʢ 3.4 ï ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʤʥʦʛʦʯʣʝʥ 3 ʩʪʝʧʝʥʠ)  
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ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʩʝʪʠ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʤʳ 

ʧʦʩʪʨʦʠʣʠ ʣʦʢʘʣʴʥʫʶ ʤʦʜʝʣʴ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ 

ʚʦʣʥʦʚʳʤ ʤʝʪʦʜʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʘ ʠʥʪʝʨʧʦʣʷʮʠʷ ʉʧʣʘʡʥ ʬʫʥʢʮʠʝʡ. 

ɺ ʩʣʫʯʘʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ EGM2008 ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʘʥʦʤʘʣʠʶ 

ʚʳʩʦʪʳ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʥʷʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ (3.12) ʠ (3.13). ɺʳʯʠʩʣʠʣʠ ʜʣʷ 

163 ʪʦʯʝʢ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ, ʘ ʟʘʪʝʤ ʩʨʘʚʥʠʣʠ ʠ ʦʮʝʥʠʣʠ ʩ ʧʦʤʦʱʴʶ 17 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ.  

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ EGM2008 ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʯʠʩʣʷʝʤʦʡ ʘʥʦʤʘʣʠʝʡ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ 

ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ, ʚʳʯʠʩʣʝʥʥʳʤ ʧʦ ɻʅʉʉ ʠʟʤʝʨʝʥʠʷʤ, ʠ 

ʘʥʦʤʘʣʠʝʡ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʤʦʜʝʣʠ EGM2008 (l=H -h-
2008

= 
ɻʅʉ/ʅʠʚ

-
2008

). 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3.3. 

ʊʘʙʣʠʮʘ 3.3 ï ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ (
 

ʉʧʣʘʡʥ_1
) ʙʝʟ ʜʘʥʥʳʭ ʤʦʜʝʣʠ EMG2008 (ɺʦʣʥʦʚʦʡ ʤʝʪʦʜ) 

ˉ ʀʤ ̫ H h 
ɻʅʉʉ/ʅʠʚ

  

h 
 
ʉʧʣʘʡʥ_1

 
ɻʅʉʉ/ʅʠʚʉʧʣʘʡʥ_1

 

1 I(BMT-APD)12  907.678 907.976 -0.298 -0.298 -0.032 

2 I(BMT-APD)35  294.751 296.987 -2.236 -2.236 -0.076 

3 III(QK -LT)5  899.929 898.242 1.687 1.687 -0.096 

4 III(LS-BN)21  19.831 14.769 5.062 5.062 0.144 

5 III(DX -DL)3  516.17 513.423 2.747 2.747 0.095 

6 
III(KRKM -

MDR)10  
492.412 488.999 3.413 3.413 -0.027 

7 I(BMT-APD)1-2  431.389 431.204 0.185 0.185 -0.023 

8 III(BD -BMT)4  202.474 203.931 -1.457 -1.457 0.096 

9 II(MT -TH)21  127.255 126.039 1.216 1.216 -0.052 

10 III(DM -CR)7  162.938 163.925 -0.987 -0.987 0.017 

11 I(VL -HT)123  233.197 232.69 0.507 0.507 -0.143 

12 III(DC-NB)4  304.938 309.713 -4.775 -4.775 -0.052 

13 III(XH -SL)16  496.065 497.527 -1.462 -1.462 -0.016 

14 III(CH-PQ)3  614.333 620.062 -5.729 -5.729 -0.002 

15 III(MR -HT)3  640.588 645.737 -5.149 -5.149 -0.052 

16 III(HD -BHB)3-1  156.62 163.256 -6.636 -6.636 0.011 

17 III(AL -DT)1  33.897 36.866 -2.969 -2.969 0.019 

 
Min = 

Max = 

-0.143 

+0.144 
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ʛʜʝ: 
ʉʧʣʘʡʥ_1

 ï
 
ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ EMG2008; 
ɻʅʉʉ/ʅʠʚ

 ï ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ; 

2008 
ï ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ʤʦʜʝʣʠ EMG2008. 

ʊʘʙʣʠʮʘ 3.4 ï ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ (
 

TN
) ʠ ʤʦʜʝʣʠ EMG2008 (ɺʦʣʥʦʚʦʡ ʤʝʪʦʜ) 

ˉ ʀʤ ̫ ɻʅʉʉ/ʅʠʚ
 

 2008
 

 TN
 

TN 
=

 2008 +  TN
 

ɻʅʉʉ/ʅʠʚTN
 

1 I(BMT-APD)12 -0.298 -1.16 0.847 -0.313 0.015 

2 I(BMT-APD)35 -2.236 -2.777 0.622 -2.155 -0.081 

3 III(QK -LT)5 1.687 1.043 0.645 1.688 -0.001 

4 III(LS-BN)21 5.062 4.371 0.811 5.182 -0.12 

5 III(DX -DL)3 2.747 1.91 0.782 2.692 0.055 

6 
III(KRKM -

MDR)10 
3.413 2.676 0.835 3.511 -0.098 

7 I(BMT-APD)1-2 0.185 -0.998 1.176 0.178 0.007 

8 III(BD -BMT)4 -1.457 -2.411 1.048 -1.363 -0.094 

9 II(MT -TH)21 1.216 0.526 0.607 1.133 0.083 

10 III(DM -CR)7 -0.987 -1.638 0.647 -0.991 0.004 

11 I(VL -HT)123 0.507 -0.501 0.927 0.426 0.081 

12 III(DC-NB)4 -4.775 -5.587 0.723 -4.864 0.089 

13 III(XH -SL)16 -1.462 -2.386 0.899 -1.487 0.025 

14 III(CH-PQ)3 -5.729 -6.072 0.409 -5.663 -0.066 

15 III(MR -HT)3 -5.149 -6.129 0.893 -5.236 0.087 

16 III(HD -BHB)3-1 -6.636 -7.299 0.714 -6.585 -0.051 

17 III(AL -DT)1 -2.969 -3.723 0.777 -2.946 -0.023 

 
Min = 

Max = 

-0.0.12 

+0.089 

ʛʜʝ: 
TN

 ï ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ʧʦ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EMG2008; 
TN ï ʧʦʧʨʘʚʢʘ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʥʘ ʦʩʥʦʚʝ ʉʧʣʘʡʥ 

ʬʫʥʢʮʠʠ ʜʣʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʤʦʜʝʣʠ EMG2008. 

ʀʟ ʪʘʙʣʠʮ 3.3 ʠ 3.4 ʚʠʜʥʦ, ʯʪʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʴ EGM2008, ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ 

ʥʘʤʥʦʛʦ ʣʫʯʰʝ, ʯʝʤ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ (ʩʤ. ʪʘʙʣʠʮʫ 3.2). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʦʜʝʣʠ EGM2008 ʠ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ 

ʧʦʣʫʯʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʝʩʴʤʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʶ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʘʥʦʤʘʣʠʡ 
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ʚʳʩʦʪʳ ʚ ʪʦʯʢʘʭ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ 

ʪʦʯʥʦʩʪʴ ʚʳʩʦʪʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. 

ʇʦʩʪʨʦʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ EGM 2008 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʛʨʘʤʤʝ Alltrans EGM 2008 Calculator ʤʦʞʥʦ ʠʟʚʣʝʢʘʪʴ 

(ʚʳʨʝʟʘʪʴ) ʬʨʘʛʤʝʥʪʳ (ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ) ʠʟ ʤʦʜʝʣʠ ɿʝʤʣʠ EGM2008. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ B, L ʜʣʷ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ 

ʫʛʣʘ (B1, L1) ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʫʛʣʘ (B2, L2). ʇʨʠ ʠʟʚʣʝʯʝʥʠʠ ʤʳ ʜʦʣʞʥʳ 

ʦʙʲʷʚʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 2,5' x 2,5'. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ 

ʣʦʢʘʣʴʥʫʶ ʤʦʜʝʣʴ ʢʚʘʟʠʛʝʦʠʜʘ, ʦʙʦʟʥʘʯʝʥʥʫʶ ʢʘʢ EGM2008_TN. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʵʪʘ ʤʦʜʝʣʴ ʠʤʝʝʪ ʪʦ ʞʝ ʢʘʯʝʩʪʚʦ, ʯʪʦ ʠ ʛʣʦʙʘʣʴʥʘʷ 

ʤʦʜʝʣʴ EGM2008. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʰʠʤʠ ʜʘʥʥʳʤʠ (163 ʪʦʯʢʠ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʧʣʘʪʦ) 

ʠʤʝʝʤ ʢʦʦʨʜʠʥʘʪʳ ʫʛʣʦʚ: ʖʛʦ-ʟʘʧʘʜʥʳʡ ï B1 = 11
0
41', L1 = 107

0
00'; ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʡ ï B2 = 15
0
21', L2 = 109

0
25'. 

ʈʘʟʤʝʨ ʨʝʛʠʦʥʘ ȹB = 3,67
0
, ȹL = 2,52

0
 ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 2,5' x 2,5', 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʝʪʢʠ (N) ʩʦʩʪʘʚʠʪ 5251 ʰʪ. (N = 89x59). ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʩʝʪʢʠ (i) ʠʤʝʝʤ 3 ʟʥʘʯʝʥʠʷ: ʰʠʨʦʪʘ Bi, ʜʦʣʛʦʪʘ Li ʠ ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ (ʦʪ ʤʦʜʝʣʠ 

EGM2008) ɕi (i = 1,2 ..., 5251). 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ 

ʚ ʪʦʯʢʘʭ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʝ ʚʢʣʶʯʘʶʪ ʧʦʧʨʘʚʢʠ ʠ ʧʦʵʪʦʤʫ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʟʠʛʝʦʠʜʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ɻʅʉʉ 

ʠʟʤʝʨʝʥʠʡ ʠ ʥʠʚʝʣʠʨʦʚʘʥʠʝʤ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʚ ʪʦʯʢʘʭ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʴ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʨʝʟʢʦ, ʘ ʦʩʪʘʣʴʥʳʝ ʪʦʯʢʠ ʩʝʪʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʳʭ ʧʦʧʨʘʚʦʢ ʜʣʷ ʵʪʠʭ ʪʦʯʝʢ ʪʨʝʙʫʝʪʩʷ ʤʝʪʦʜ 

ʠʥʪʝʨʧʦʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝʤ (smoothing) ʛʝʦʠʜʥʦʡ/ 

ʢʚʘʟʠʛʝʦʠʜʥʦʡ ʤʦʜʝʣʠ ʧʦʩʣʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ʇʦʧʨʘʚʢʠ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (3.12, 3.13) 

ʜʦʙʘʚʣʷʶʪʩʷ ʢ ʚʳʩʦʪʝ ʣʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 
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ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪʦʤ ʢʚʘʟʛʝʦʠʜʘ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ EGM2008_TN. ʕʪʘ 

ʤʦʜʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʚ ʣʶʙʦʡ ʪʦʯʢʝ 

ʨʝʛʠʦʥʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ. 

ɺʳʯʠʩʣʝʥʠʝ ʧʦʧʨʘʚʦʢ ʜʣʷ ʪʦʯʝʢ ʩʝʪʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ (3.12, 3.13). ɸʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʚ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ EGM2008 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
2008TN

. (ʛʜʝ 
2008
ï ʘʥʦʤʘʣʴʥʘʷ ʚʳʩʦʪʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʤʦʜʝʣʠ EGM2008,  ï ʵʪʦ ʧʦʧʨʘʚʢʘ ʘʥʦʤʘʣʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʚʦʣʥʦʚʳʤ ʤʝʪʦʜʦʤ (ʥʘ ʦʩʥʦʚʝ ʉʧʣʘʡʥ ʬʫʥʢʮʠʠ), 
TN

 - ʘʥʦʤʘʣʠʷ 

ʚʳʩʦʪʳ ʧʦʪʦʯʥʦʡ ʤʦʜʝʣʠ). ʈʘʩʯʝʪ ʘʥʦʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʧʦʢʘʟʘʥ 

ʥʘ ʙʣʦʢ-ʩʭʝʤʝ (ʩʤ. ʨʠʩʫʥʦʢ 3.5). 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʚ ʪʦʯʢʘʭ ʩʝʪʠ (
TN
), ʤʦʜʝʣʴ 

ʢʚʘʟʠʛʝʦʠʜʘ ʨʝʛʠʦʥʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʣʘʪʦ (ʠ ʖʞʥʦʛʦ ʎʝʥʪʨʘʣʴʥʦʛʦ ʇʦʙʝʨʝʞʴʷ) 

ʧʝʨʝʨʠʩʦʚʘʥʘ. ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʧʨʠʚʝʜʝʥʳ ʤʦʜʝʣʠ 

ʢʚʘʟʠʛʝʦʠʜʘ ʜʦ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʦʩʣʝ.  

 

ʈʠʩʫʥʦʢ 3.5 ï ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ  

ʧʦ ʜʘʥʥʳʤ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ EGM 2008 

ʅʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ 

(ʥʦʨʤʘʣʴʥʘʷ 

ʚʳʩʦʪʘ) 

(h) 

ɼʘʥʥʳʝ ɻʅʉʉ, 

ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʠʚʘʥʠʝʤ 

ʚ ʩʠʩʪʝʤʝ WGS-84 

(H) 

ɸʧʨʠʦʨʥʘʷ ʤʦʜʝʣʴ 

ʢʚʘʟʠʛʝʦʠʜʘ (ʠʟ ʤʦʜʝʣʠ 

EGM 2008)  

( ) 

ɺʳʯʠʩʣʝʥʠʝ ʧʦʧʨʘʚʦʢ ʚ ʪʦʯʢʘʭ ʩʝʪʠ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

 = H ï h - 
M
 

- ʀʥʪʝʨʧʦʣʷʮʠʷ ʧʦʧʨʘʚʦʢ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʘʧʨʠʦʨʥʦʡ 

ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ ʚ ʪʦʯʢʘʭ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʉʧʣʘʡʥ ʬʫʥʢʮʠʠ  

- ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ (grid) 

ʆʮʝʥʢʘ 

ʘʜʝʢʚʘʪ- 

ʥʦʩʪʠ 
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ʈʠʩʫʥʦʢ 3.6 ï ʄʦʜʝʣʴ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ (Grid) ʜʦ ʢʘʣʠʙʨʦʚʢʠ  

(ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠ EGM2008) 

ʄʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʧʣʘʪʦ ʠ ʖʞʥʦʛʦ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʇʦʙʝʨʝʞʴʷ ʩʪʨʦʷʪʩʷ ʧʦ ʤʦʜʝʣʠ EGM2008, ʰʠʨʦʪʘ ʦʪ 11
0
41' ʜʦ 15

0
21', ʜʦʣʛʦʪʘ ʩ 

107
0
00' ʧʦ 109

0
25', ʧʣʦʱʘʜʴ ʦʢʦʣʦ 80000 ʢʤ

2
. ʀʤʝʝʪʩʷ ʤʦʜʝʣʴ ʚ ʩʝʪʦʯʥʦʤ ʚʠʜʝ, 

ʨʘʟʤʝʨ ʷʯʝʡʢʠ 2,5' Ĭ 2,5' (ʚʢʣʶʯʘʷ 5251 ʪʦʯʢʠ). ʌʘʡʣ ʜʘʥʥʳʭ ʦʧʠʩʘʥ ʚ ʪʘʙʣʠʮʝ 

3.5. 

ʊʘʙʣʠʮʘ 3.5 ï ɸʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ʠ ʧʦʧʨʘʚʢʠ ʜʣʷ ʪʦʯʝʢ ʩʝʪʢʠ (ʷʯʝʡʢʠ ʤʦʜʝʣʠ) 

ˉ ʀʤ ̫ B(
0
) L(

0
) 2008

(ʤ)  (ʤ) TN
 (ʤ) 

1 1 15.3500 107.0000 -12.550 0.711 -11.839 

2 2 15.3500 107.0417 -12.132 0.726 -11.406 

3 3 15.3500 107.0833 -11.715 0.742 -10.973 

4 4 15.3500 107.1250 -11.233 0.758 -10.475 

5 5 15.3500 107.1667 -10.887 0.775 -10.112 

é é é é é é é 

5250 5250 11.6833 109.3750 5.370 1.314 6.684 

5251 5251 11.6833 109.4167 5.519 1.364 6.883 

 
Min = -12.55 

Max = 5.519 

Min = 0.031 

Max = 1.364 

Min = -11.839 

Max = 6.883 
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ʀʟ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ (EGM2008_TN) ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʘʥʦʤʘʣʠʶ ʚʳʩʦʪʳ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ ʚ ʦʙʣʘʩʪʠ, ʝʩʣʠ ʠʤʝʶʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ B ʠ L ʵʪʦʡ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ WGS84. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʤ 

ʨʘʩʩʯʠʪʘʪʴ ʥʦʨʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʜʣʷ ʪʦʯʝʢ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ ʙʝʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʯʴ ʠʜʝʪ ʦ 

ʨʘʩʩʤʦʷʥʠʷʭ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 3.7). 

 

ʈʠʩʫʥʦʢ 3.7 ï ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ (EGM2008_TN) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ (EGM20008_TN) 

ʉʧʣʘʡʥ-ʬʫʥʢʮʠʶ ʚʦʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʣʶʙʳʭ ʪʦʯʝʢ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʀʥʪʝʨʧʦʣʠʨʫʝʤʳʝ ʪʦʯʢʠ ʚʳʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʚʩʝ ʦʥʠ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʦʢʨʫʞʝʥʠʠ ʪʦʯʢʠ ʠʥʪʝʨʧʦʣʷʮʠʠ (ʨʠʩʫʥʦʢ 3.8). ʇʦ ʨʘʩʩʪʦʷʥʠʷʤ ʦʪ ʪʦʯʝʢ ʩʝʪʢʠ 

ʜʦ ʪʦʯʢʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚ ʦʙʦʟʥʘʯʝʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʙʫʜʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ 

ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ ʧʦ ʘʣʛʦʨʠʪʤʫ ʠʥʪʝʨʧʦʣʷʮʠʠ.  

ʂʨʦʤʝ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ: 

ʉʨʝʜʥʝʚʝʩʦʚʫʶ ʠʥʪʝʨʧʦʣʷʮʠʶ: 
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n

j j

j 1

k n

j

j 1

P

P

,       (3.16) 

ʛʜʝ:  n ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ, Pi ï ʚʝʩ, ʨʘʩʯʠʪʘʥʥʳʡ 

ʠʟ ʚʳʨʘʞʝʥʠʷ: 

j jP 1/ d ,        (3.17) 

ʛʜʝ: dj ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʜʦ i ʪʦʯʢʠ ʩʝʪʠ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ 

n = 1, ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʨʧʦʣʷʮʠʠ ʨʘʚʝʥ ʟʥʘʯʝʥʠʶ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʠ. 

 

ʈʠʩʫʥʦʢ 3.8 ï ʉʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ 

ʀʥʪʝʨʧʦʣʷʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʤʥʦʛʦʯʣʝʥʘ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʬʦʨʤʫʣʘ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ ɕk ʧʦ 

ʤʦʜʝʣʠ ʤʥʦʛʦʯʣʝʥʘ 1-ʡ ʩʪʝʧʝʥʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

k k ka b. c. ,     (3.18) 

ʛʜʝ k, k ï ʢʦʦʨʜʠʥʘʪʳ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ k, a, b, c ï ʧʘʨʘʤʝʪʨʳ 

ʤʥʦʛʦʯʣʝʥʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʙʨʘʥʥʳʭ 

ʙʣʠʞʘʡʰʠʭ ʪʦʯʝʢ ʩʝʪʢʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 3 ʧʘʨʘʤʝʪʨʘ (a, b, c), 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 3. ɽʩʣʠ ʵʪʦ ʫʩʣʦʚʠʝ 

ʚʳʧʦʣʥʝʥʦ, ʧʘʨʘʤʝʪʨʳ a, b, c ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

(ʄʅʂ): 

1 1 1

2 2 2

n nn

T 1 T

1
a

1
( ) X b ;L ;A

... ... ......
X A A A ;

1

L

c

,  (3.19) 
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ʛʜʝ: i, i, ɕi ï ʢʦʦʨʜʠʥʘʪʳ ʠ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʩʝʪʢʠ (i = 1, 2,..., 

n). 

ʀʥʪʝʨʧʦʣʷʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʤʥʦʛʦʯʣʝʥʘ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʌʦʨʤʫʣʘ ʚʳʯʠʩʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ɕk ʧʦ ʤʦʜʝʣʠ ʤʥʦʛʦʯʣʝʥʘ 2-ʦʡ 

ʩʪʝʧʝʥʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

2 2

k 0 1 k 2 k 3 k 4 k 5 k ka a a a a a ,   (3.20) 

ʛʜʝ i, i, ɕi ï ʢʦʦʨʜʠʥʘʪʳ ʠ ʘʥʦʤʘʣʠʷ ʚʳʩʦʪ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʩʝʪʢʠ (i = 1, 2, ..., 

n). a0, a1, a2, a3, a4, a5 ï ʧʘʨʘʤʝʪʨʳ ʤʥʦʛʦʯʣʝʥʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʚʳʙʨʘʥʥʳʭ ʙʣʠʞʘʡʰʠʭ ʪʦʯʝʢ ʩʝʪʢʠ. ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʯʝʢ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 6, ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʄʅʂ:  

T 1 T( )X A A A L       (3.21) 

1 2 2
1 1 1 1 1 1 1

2 2 2
2 2 2 2 2 2 2

3

4 2 2

n n n n n n n

5

a
1

a
1

X a ;L ;A
... ... ... ... ... ... ...

a
1

a

 

ʈʘʟʤʝʨ ʷʯʝʡʢʠ ʚ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ EGM2008_TN ʩʦʩʪʘʚʣʷʝʪ 

2.5 Ĭ 2.5, ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ ï ʦʪ 6 ʢʤ ʜʦ 11 ʢʤ. ʇʨʠ ʪʘʢʦʤ ʨʘʜʠʫʩʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 4 ʜʦ 13 ʪʦʯʝʢ ʷʯʝʝʢ. ʊʦʯʢʠ ʚ 

ʵʪʦʤ ʨʘʜʠʫʩʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ (ʦʧʦʨʥʳʭ) ʜʣʷ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʪʦʯʝʢ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ. ɺ ʦʙʱʝʤ, ʥʝ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʦʡ ʨʘʜʠʫʩ. 

ʆʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʄʦʜʝʣʴ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ 17 ʪʦʯʢʘʭ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʤ ʥʫʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʚʳʙʨʘʪʴ 

ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʠʟ EGM2008_TN. ʀʩʧʦʣʴʟʦʚʘʥʦ 

ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ 17 ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʪʦʯʢʠ). ʊʦʯʥʦʩʪʴ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʉʂʇ (), ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ 

ʬʦʨʤʫʣʝ (3.15). ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.6. 
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ʊʘʙʣʠʮʘ 3.6 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ 

ʀʤ ̫
ʂʦʣ. 

ʪʦʯʢʠ 

ɻʅʉʉ/ʥʠʚ 

=H-h 

ɸʥʦʤʘʣʠʠ ʠʥʪʝʨʧʦʣʷʮʠʠ 

(S = 10 ʢʤ) 
ʨʘʟʥʦʩʪʠ 

 
1
 

 2
 

 3
  

ʉʧʣʘʡʥ
 

 1 
-

ɻʅʉʉ/ʥʠʚ
 

 2 
- 

ɻʅʉʉ/ʥʠʚ
 

 3 
- 

ɻʅʉʉ/ʥʠʚ
 

 
ʉʧʣʘʡʥ 

- 
ɻʅʉʉ/ʥʠʚ

 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

I(BMT-

APD)12 
14 -0.298 -0.313 -0.316 -0.308 -0.313 0.015 0.018 0.010 0.015 

I(BMT-

APD)35 
11 -2.236 -2.171 -2.184 -2.191 -2.155 -0.065 -0.052 -0.045 -0.081 

III( QK-

LT)5 
15 1.687 1.599 1.579 1.576 1.688 0.088 0.108 0.111 -0.001 

III(LS-

BN)21 
14 5.062 5.273 5.259 5.255 5.182 -0.211 -0.197 -0.193 -0.120 

III(DX -

DL)3 
16 2.747 2.817 2.778 2.758 2.692 -0.070 -0.031 -0.011 0.055 

III(KRKM -

MDR)10 
16 3.413 3.501 3.499 3.482 3.501 -0.088 -0.086 -0.069 -0.088 

I(BMT-

APD)1-2 
15 0.185 0.133 0.156 0.163 0.178 0.052 0.029 0.022 0.007 

III(BD -

BMT)4 
16 -1.457 -1.381 -1.354 -1.366 -1.363 -0.076 -0.103 -0.091 -0.094 

II(MT -

TH)21 
15 1.216 1.180 1.200 1.204 1.133 0.036 0.016 0.012 0.083 

III(DM -

CR)7 
15 -0.987 -0.964 -0.968 -0.971 -0.991 -0.023 -0.019 -0.016 0.004 

I(VL -

HT)123 
16 0.507 0.420 0.428 0.437 0.426 0.087 0.079 0.070 0.081 

III(DC-

NB)4 
15 -4.775 -4.841 -4.856 -4.858 -4.864 -0.294 -0.291 0.081 0.089 

III(XH -

SL)16 
16 -1.462 -1.446 -1.444 -1.440 -1.487 -0.016 -0.018 -0.022 0.025 

III(CH-

PQ)3 
16 -5.729 -5.759 -5.738 -5.731 -5.663 0.030 0.009 0.002 -0.066 

III(MR -

HT)3 
14 -5.149 -5.309 -5.311 -5.310 -5.236 0.160 0.162 0.161 0.087 

III(HD -

BHB)3-1 
15 -6.636 -6.466 -6.611 -6.624 -6.595 -0.170 -0.025 -0.012 -0.041 

III(AL -

DT)1 
14 -2.969 -2.919 -2.915 -2.926 -2.946 -0.050 -0.054 -0.043 -0.023 

       = 0.094 0.083 0.079 0.067 

 

ʊʨʝʪʠʡ ʩʪʦʣʙʝʮ ʪʘʙʣʠʮʳ 3.6 ï ʵʪʦ ʟʥʘʯʝʥʠʝ ɕ
ɻʅʉʉ /ʥʠʚ.

 (ʤ) ï ʘʥʦʤʘʣʠʷ 

ʚʳʩʦʪʳ, ʢʦʪʦʨʘʷ ʠʟʚʝʩʪʥʘ ʜʣʷ ʪʦʯʢʠ (ɕ
ɻʅʉʉ /ʥʠʚ.

 =H-h), ʯʝʪʚʝʨʪʳʡ ʩʪʦʣʙʝʮ ï 

ʟʥʘʯʝʥʠʝ ɕ
1
(ʤ) ï ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ, ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʦʤ çʩʨʝʜʥʠʡ ʚʝʩè 
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1/D, ʩʪʦʣʙʝʮ 5 ï ʟʥʘʯʝʥʠʝ ɕ
2
 (ʤ), ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ, ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʧʦ 

ʬʫʥʢʮʠʠ ʤʥʦʛʦʯʣʝʥʘ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ, ʩʪʦʣʙʝʮ 6 ï ɕ
3
 (ʤ) ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ, 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʧʦ ʬʫʥʢʮʠʠ ʤʥʦʛʦʯʣʝʥʘ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʩʪʦʣʙʝʮ 7 ï 

ɕ
ʉʧʣʘʡʥ

(ʤ) ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ, ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʧʦ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ, ʩʪʦʣʙʮʳ 8, 

9, 10 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ 

ʠ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʘʥʦʤʘʣʠʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 4 ʤʝʪʦʜʘʤ (ʨʘʟʥʦʩʪʠ). 

ʇʦ ʬʦʨʤʫʣʝ (3.15) ʚʳʯʠʩʣʠʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʰʠʙʦʢ ʧʦ ʢʘʞʜʦʤʫ 

ʤʝʪʦʜʫ ʠʥʪʝʨʧʦʣʷʮʠʠ: 

- ʤʝʪʦʜ 1 çʩʨʝʜʥʠʡ ʚʝʩ 1/Dè: 1 = Ñ 0.094 ʤ, 

- ʤʝʪʦʜ 2 çʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʤʥʦʛʦʯʣʝʥʫ 1-ʡ ʩʪʝʧʝʥʠè: 2 = Ñ 0.083 ʤ, 

- ʤʝʪʦʜ 3 çʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʤʥʦʛʦʯʣʝʥʫ 2-ʡ ʩʪʝʧʝʥʠè: 3 = Ñ 0.079 ʤ, 

- ʤʝʪʦʜ 4 çʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠè: 4 = Ñ 0.067 ʤ. 

ɺʠʜʥʦ, ʯʪʦ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʉʧʣʘʡʥ-ʬʫʥʢʮʠʠ ʜʘʝʪ 

ʥʘʠʤʝʥʴʰʫʶ ʦʰʠʙʢʫ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʟʘ ʥʠʤ ʩʣʝʜʫʝʪ ʤʝʪʦʜ ʤʥʦʛʦʯʣʝʥʘ ʚʪʦʨʦʡ 

ʩʪʝʧʝʥʠ. ʄʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʛʦ ʚʝʩʘ ʜʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʦʰʠʙʢʫ. 

ʇʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ 17 ʪʦʯʢʘʤ (4 ʚʘʨʠʘʥʪʘ), ʚʳʯʠʩʣʠʤ ʨʘʟʥʦʩʪʠ 

ʚʳʩʦʪ ʤʝʞʜʫ ʵʪʠʤʠ ʪʦʯʢʘʤʠ ((n. (n-1)/2) = 136), ʘ ʟʘʪʝʤ ʩʨʘʚʥʠʤ ʠʭ ʩ ʜʦʧʫʩʢʘʤʠ 

ʜʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ III, IV ʢʣʘʩʩʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʩʘʤʦʝ ʤʘʣʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʚʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 26 ʢʤ, ʘ ʩʘʤʳʡ ʜʣʠʥʥʦʝ 460 ʢʤ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʳʩʦʪ ʧʦ ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʝʪʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʘ ʪʦʯʢʘ ʩ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʦʡ. ɼʣʷ ʵʪʦʡ ʪʦʯʢʠ ʧʨʠ 

ʧʦʤʦʱʠ ʤʦʜʝʣʠ ʛʝʦʠʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʘʥʦʤʘʣʠʶ ʚʳʩʦʪʳ ȹɕ, ʧʦʪʦʤ 

ʨʘʩʩʯʠʪʘʪʴ ʨʘʟʥʦʩʪʴ ȹh ʧʦ ʬʦʨʤʫʣʝ:  

 h H , (3.22) 

ʛʜʝ ȹH ï ʨʘʟʥʦʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʳʩʦʪ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ. 

ʆʙʦʟʥʘʯʠʤ æHi,k ï ʢʘʢ ʨʘʟʥʦʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʳʩʦʪ ʤʝʞʜʫ ʜʚʫʤʷ 

ʪʦʯʢʘʤʠ; æhi,k ï ʨʘʟʥʦʩʪʴ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ, ʘ ȹ i,k ï ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ (EGM2008) ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ.  

ɺʳʯʠʩʣʠʤ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʦʡ 2-ʭ ʪʦʯʝʢ: 
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, , , ,ï ïi k i k i k i kH h  (3.23) 

ʉ ʫʯʝʪʦʤ ʚʝʩʘ ʠʟʤʝʨʝʥʠʡ ʉʂʆ ʥʘ 1 ʢʤ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ [97]:  

 
i i

ʢʤ

P
m

m
 (3.24) 

ɺʝʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ,

,

1
  

i k

i kP
D

, (3.25) 

Di,k ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʚ ʢʠʣʦʤʝʪʨʘʭ, m ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʪʦʯʝʢ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ m ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ 20, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ Di,k ʜʦʣʞʥʦ ʠʤʝʪʴ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

3.7. 

ʊʘʙʣʠʮʘ 3.7 ï ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ EGM2008_TN 

ˉ ʌʘʢʪʦʨʳ EGM2008 
ʉʨʝʜʥʠʡ 

ʚʝʩ 

ʄʥʦʛʦʯʣʝʥ 

1-ʡ ʩʪʝʧʝʥʠ 

ʄʥʦʛʦʯʣʝʥ 

2-ʡ ʩʪʝʧʝʥʠ 

ʉʧʣʘʡʥ-

ʬʫʥʢʮʠʷ 

1 ʂʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʦʚ 136 136 136 136 136 

2 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʜʦʧʫʩʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

9 (7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

2 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʦʧʫʩʢʫ 

ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

127 (93%) 136 (100%) 136 (100%) 136 (100%) 
136 

(100%) 

3 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʦʧʫʩʢʫ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ IV 

ʢʣʘʩʩʘ 

108 (79%) 136 (100%) 136 (100%) 136 (100%) 
136 

(100%) 

4 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʦʧʫʩʢʫ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ III 

ʢʣʘʩʩʘ 

54 (40%) 94(69%) 103(76%) 108(79%) 
115 

(85%) 

5 ʉʂʆ (ʤ) 
mʢʤ = 

0.0244 

mʢʤ = 

0.0119 

mʢʤ = 

0.0102 

mʢʤ = 

0.0096 

mʢʤ = 

0.0086 

 

ɺ ʪʘʙʣʠʮʝ ʜʦʧʫʩʢʠ ʧʨʠʥʠʤʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤ 

ʜʦʢʫʤʝʥʪʦʤ [87]. ʊʘʢ, ʥʝʚʷʟʢʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ (ʨʘʟʥʠʮʘ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ 

ʭʦʜʘ) ʜʣʷ III ʢʣʘʩʩʘ ï 10III ʢʣʘʩʩʘm D; ʜʣʷ IV ʢʣʘʩʩʘ (ʨʘʟʥʠʮʘ ʧʦ ʢʨʘʩʥʳʤ ʠ 
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ʯʝʨʥʳʤ ʤʝʪʢʘʤ) ï 25IV ʢʣʘʩʩʘm D; ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ï 

50ʪʝʭʥʠʯʝʩʢʦʝm D.  

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʇʣʘʥ ʩ ʛʦʨʠʟʦʥʪʘʣʷʤʠ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ  

(ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ 0.25 ʤ) 
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ 17 ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ 

ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʯʝʪʳʨʝ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʶʪ ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 3.7 ʧʦ ʚʩʝʤ ʯʝʪʳʨʝʤ ʤʝʪʦʜʘʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʢʦʣʦ 80% 

ʤʘʨʰʨʫʪʦʚ ʠʤʝʶʪ ʜʦʧʫʩʪʠʤʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ III ʢʣʘʩʩʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʛʦʨʥʳʭ ʤʝʩʪʥʦʩʪʝʡ. ɽʩʪʝʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʝʥʘ 100% ʪʦʯʥʦʩʪʴ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ çʩʨʝʜʥʠʡ ʚʝʩè. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʢʘʣʠʙʨʦʚʢʠ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪʳ EGM2008 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ, ʠʤʝʶʱʝʤ ʤʥʦʛʦ ʪʦʯʝʢ 

ʚ ʩʝʪʠ. ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪ ʠ ʫʣʫʯʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʳʩʦʪʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ. 

ʊʦʯʢʠ ʩʝʪʠ (ɻʅʉʉ ʧʫʥʢʪʳ) ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʩ ʧʫʥʢʪʘʤʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

III ʢʣʘʩʩʘ ʠ ʚʳʰʝ. ʊʦʯʢʠ ʜʦʣʞʥʳ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʦ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦ.  

ʄʝʪʦʜ ʢʘʣʠʙʨʦʚʢʠ ʚʳʩʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʧʨʦʮʝʜʫʨʦʡ 

ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʧʨʠʦʨʥʦʡ ʤʦʜʝʣʠ, ʠʟʤʝʥʷʷ ʪʦʣʴʢʦ 

ʥʦʨʤʘʣʴʥʳʝ ʚʳʩʦʪʳ ʚ ʯʘʩʪʠ ʤʦʜʝʣʠ, ʛʜʝ ʚʳʧʦʣʥʝʥʦ ɻʅʉʉ-ʥʠʚʝʣʠʨʦʚʘʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʢʚʘʟʠʛʝʦʠʜʘ ʦʙʣʘʜʘʝʪ ʘʢʢʦʤʦʜʘʮʠʝʡ ʩ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʴʶ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʠʣʠ ʤʝʞʜʫ ʥʘʟʝʤʥʳʤʠ ʠ ʤʦʨʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ. ʕʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʜʝʣʠ ʢʚʘʟʠʛʝʦʠʜʘ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ EGM2008. 

ʃʦʢʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʚʘʟʠʛʝʦʠʜʘ EGM2008_TN, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ EGM2008, ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʠ ʦʥʘ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 17 ʪʝʩʪʦʚʳʭ ʪʦʯʢʘʭ, ʤʦʜʝʣʴ EGM08_TN 

ʧʦʢʘʟʘʣʘ ʪʦʯʥʦʩʪʴ 100%, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʠʚʝʣʠʨʦʚʘʥʠʶ IV ʢʣʘʩʩʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʛʦʨʥʳʭ ʤʝʩʪʥʦʩʪʝʡ. 85% ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ III ʢʣʘʩʩʫ. ʆʰʠʙʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ ʩʥʠʞʝʥʘ ʩ 0,0244 

ʤ/ʢʤ ʜʦ 0,0086 ʤ/ʢʤ. 
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3.3 ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 

ʩ ʫʯʸʪʦʤ ʫʢʣʦʥʝʥʠʡ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ 

ʇʨʠ ʠʟʳʩʢʘʥʠʷʭ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪ ʥʦʨʤʘʣʴʥʳʝ 

ʚʳʩʦʪʳ. ʆʙʳʯʥʦ ʵʪʠ ʚʳʩʦʪʳ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʚʝʜʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʠʩʪʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ. ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʫʯʝʪʘ ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ. ɺʢʫʧʝ ʩ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʤʘ ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʝʪʦʜʠʢʦʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɻʝʦʜʝʟʠʯʝʩʢʘ ̫ʅ ʠ ʥʦʨʤʘʣʴʥʘ ̫H
ɔ
 (ʠʣʠ h) ʚʳʩʦʪ rʦʧʨʝʜʝʣʷʶʪ ʩ ʫʯʝʪʦʤ 

ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ɕ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

H
ɔ
 = Hïɕ.                                 (3.26) 

ɽʩʣʠ ʠʟʚʝʩʪʥʘ ɕ, ʪʦ H
ɔ 
ʤʦʞʥʦ ʥʘʡʪʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ 

ʠʟʤʝʨʝʥʠʡ. ʆʜʥʘʢʦ ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʠʟʚʝʩʪʥʘ. ʀʤʝʶʪʩʷ 

ʨʝʰʝʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ɕ ʥʘ ʦʩʥʦʚʝ ʪʦʯʝʢ ʩ ʠʟʚʝʩʪʥʳʤʠ ʥʦʨʤʘʣʴʥʳʤʠ 

ʚʳʩʦʪʘʤʠ [23, 47, 61, 62, 78]: ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʚ ʠʩʢʦʤʳʭ ʪʦʯʢʘʭ (ʩʤ. ʚʳʰʝ) ʣʠʙʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦʧʨʘʚʢʠ ʢ 

ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʚʳʩʦʪʘʤ, ʥʘʡʜʝʥʥʳʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ 

ʠʟʤʝʨʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʪʦʯʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʧʨʘʚʦʢ ʢ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʚʳʩʦʪʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʚʳʟʚʘʥʥʫʶ ʫʢʣʦʥʝʥʠʝʤ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. ʅʠʞʝ ʧʨʠʚʝʜʸʥ 

ʘʣʛʦʨʠʪʤ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪʘʭ. 

ɸʥʦʤʘʣʠʶ ʚʳʩʦʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʪʳʨʴʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʲʸʤʦʢ 

[61, 62, 78]; ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʬʦʨʤʫʣ [23, 47]; 

ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʠ ʚʳʩʦʪ (ʣʦʢʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʘʚʘʟʠʛʝʦʠʜʘ ʠʣʠ ʛʝʦʠʜʘ) [59]; 
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ʥʘ ʦʩʥʦʚʝ ʫʯʸʪʘ ʫʢʣʦʥʝʥʠʡ ʦʪʚʝʩʥʳʭ ʣʠʥʠʡ ʠ ʚʨʘʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ [52, 92]. ɺ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʧʦʢʘʟʘʥʳ ʧʝʨʚʳʝ 2 ʠ 3 ʩʧʦʩʦʙʳ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʩʣʝʜʥʝʤ ʧʦʜʭʦʜʝ.  

ɸʥʦʤʘʣʠʶ ʚʳʩʦʪʳ ʦʧʨʝʜʝʣʷʶʪ ʚ ʜʚʘ ʵʪʘʧʘ: ʚʳʯʠʩʣʷʶʪ ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʠ ʥʦʨʤʘʣʴʥʦʡ ʜʣʷ ʪʦʯʢʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʥʘʭʦʜʷʪ 

ʧʦʧʨʘʚʢʫ ʟʘ ʫʢʣʦʥʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʚ ʮʝʣʷʭ ʧʨʠʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢ 

ʥʦʨʤʘʣʠ ʢ ʛʝʦʠʜʫ. ɼʘʥʥʫʶ ʧʦʧʨʘʚʢʫ ʦʧʨʝʜʝʣʷʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʩʤʝʱʝʥʠʷ 

ʵʣʣʠʧʩʦʠʜʘ ʜʦ ʩʦʚʤʝʱʝʥʠʷ ʩ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʩʧʦʩʦʙʝ 

ʠʩʧʦʣʴʟʫʶʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʠ ʵʪʦʤ ʥʝ ʤʝʥʝʝ ʪʨʸʭ ʪʦʯʝʢ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʦʨʤʘʣʴʥʳʝ ʚʳʩʦʪʳ, ʥʘʡʜʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 3.10). 

 

ʈʠʩʫʥʦʢ 3.10 ï ʉʭʝʤʘ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʩ ʫʢʘʟʘʥʠʝʤ ʚʳʩʦʪ ʪʦʯʝʢ: 

çɺʧ ï ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʰʠʨʦʪʘ; g ï ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʪʦʯʢʝ ʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; 

ï ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ ʂ; ï ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʤʝʨʠʜʠʘʥʘ; ʅ ï ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʚ ʪʦʯʢʝ ʄ; MH  

ï ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚ ʪʦʯʢʝ ʄ; ɕ ï ʚʳʩʦʪʘ ʢʚʘʟʠʛʝʦʠʜʘ (ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ) ʚ ʪʦʯʢʝ ʄ; ű ï 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʰʠʨʦʪʘ; B ï ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʰʠʨʦʪʘ; L ï ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʜʦʣʛʦʪʘè 
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ʅʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚʳʙʨʘʥʥʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ P0 ʚ ʨʘʡʦʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʝʢʮʠʠ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʵʣʣʠʧʩʦʠʜ h. ʊʦʛʜʘ ʥʦʨʤʘʣʴʥʫʶ 

ʚʳʩʦʪʫ ʪʦʯʢʠ P0 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʨʘʟʥʦʩʪʴ ʚʳʩʦʪʳ h0 ʪʦʯʢʠ P0 ʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʡ ʧʨʦʝʢʮʠʠ, ʪ. ʝ. h0ïh ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ P0 (B0, L0, 

H0). ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʪʳ H0 ʚ h0ïh ʜʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʢ 

ʵʣʣʠʧʩʦʠʜʫ. 

ʇʘʨʘʤʝʪʨʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʚʳʯʠʩʣʷʝʤ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

2 2

0
1 0 02 2

0

2 2 2

2 2 0

1 0 0

2 sin
( )   

2 1 sin

1 sin
( )   

e B
a a H h h

e B

e e B
e e H h h

a

,   (3.27) 

ʛʜʝ a1 ʠ 
2

1e  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʠ ʧʝʨʚʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ; a ʠ e
2 
ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʠ 

ʧʝʨʚʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʵʣʣʠʧʩʦʠʜʘ (WGS-84). 

ɺ ʪʦʯʢʝ P0 ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ. ʋʛʦʣ u ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʠ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ: ɖ (ʛʦʨʠʟʦʥʪʘʣʴ) ʠ ɝ (ʚʝʨʪʠʢʘʣʴ). 

ʇʨʠʥʠʤʘʝʤ ʟʘ ʮʝʥʪʨʘʣʴʥʫʶ ʪʦʯʢʫ ʚʨʘʱʝʥʠʷ P0, ʪʦʛʜʘ ʦʩʴ z ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʵʣʣʠʧʩʦʠʜʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʟʥʘʢʦʚ: 

,      (3.28) 

ʛʜʝ ɝ ʠ ɖ ï ʫʛʦʣ ʕʡʣʝʨʘ, ʧʦʚʦʨʦʪ ʚʜʦʣʴ ʦʩʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ y ʠ x. 

ʇʦʩʣʝ ʩʤʝʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ PJ 

ʥʘʭʦʜʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ 
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'

'

1 2

'

1 0

( ) ( ) 0 1

1

J J J J

J u J J J

J J JJ

x x x x

y R y R R y y

z z zz

,  (3.29) 

ʛʜʝ (xJ, yJ, zJ) ʠ (xJ , yJ , zJ ) ï ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ; R ï ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

(ʧʦʚʦʨʦʪʘ). 

ʊʦ ʞʝ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 

'

'

1 2 3

'

1

( ) ( ) ( ) 1

1

Z Y

X Y Z Z X

Y X

X X X X

Y R Y R R R Y Y

Z Z ZZ

, (3.30) 

ʛʜʝ ( , , )X Y Z , ( ', ', ')X Y Z  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ 

ʧʦʚʦʨʦʪʘ ʵʣʣʠʧʩʦʠʜʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; Ƣʍ, ƢY, ƢZ ï ʫʛʣʳ 

ʕʡʣʝʨʘ ʧʦ ʦʩʷʤ. 

ʇʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ ʚʳʧʦʣʥʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

'

0 0 0 0 0

'

0 0 0 0 0

'
0 0

sin cos sin cos cos

sin sin cos cos sin

cos 0 sin

J

J

J

X xB L L B L

Y B L L B L y

B B zZ

.  (3.31) 

ʉʨʘʚʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʜʚʫʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʤ ʧʦʩʣʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (3.29ï3.31) ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʛʣʦʚ ʕʡʣʝʨʘ. ʊʦʛʜʘ 

ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʘʤʠ ʕʡʣʝʨʘ Ƣʍ, ƢY, ƢZ ʠ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ: 

0 0 0

0 0 0

0

cos sin sin

sin Sin cos

cos 0

X

Y

Z

L B L

L B L

B

.    (3.32) 

ʇʨʠ ʩʤʝʱʝʥʠʠ ʵʣʣʠʧʩʦʠʜʘ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ P0 (X0, Y0, Zo) ʥʝ ʤʝʥʷʶʪʩʷ, 

ʘ ʢʦʦʨʜʠʥʘʪʳ ʦʩʪʘʣʴʥʳʭ ʪʦʯʝʢ ʚʳʯʠʩʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

'

'

'

0

0

0

J J X XJ J

J J Y J J Y

J JZ ZJ J

X X Z Y

Y Y Z X

Y XZ Z

,    (3.33) 
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ʛʜʝ (   )TX Y Z
 ï ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʵʣʣʠʧʩʦʠʜʘ; (XJ, YJ, ZJ) ʠ 

' ' '( , ,  Z )J J JX Y  ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ. 

ʋʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʳʭ ʣʠʥʠʡ Ůɖ, Ůɝ ʚʳʯʠʩʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ [52, 92] 

2

1 0 0 0 0 0 0

2

1 0 0

0 0 0 0

0

0

0

sin

                    

sin( )( ) ( ) ( )

( )( )

( )        ( (  )  

JJ j j j j

j j j j

j j j n

jdH e cosB inB L L N sinB N sinB N H cosB sin L L

e cosB sin L L N sinB N B

N H sinB cosB sinB cos

s

B cos L L F F

+

+ + - -

,  (3.34) 

ʛʜʝ dHJ ï ʧʨʠʨʘʱʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʚ ʪʦʯʢʝ PJ; Bj, Lj, Hj ï 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʘ Pj; 
2 2

0 0/ 1 sinN a e B ; 

2 2/ 1 sinJ JN a e B ; 
2

1 0 0 00

0 0 0

sin( )( )

( ) ( )

j jJ j

j j

F e cosB inB L L N sinB N sinB

N H cosB L

s

sin L+
; 

2

1 0 0 0 0 0 0 0 0( )( ) (si )( ( )n  j j j j j j jF e cosB sin L L N sinB N B N H sinB cosB sinB cosB cos LL+ + - -

 ɺ ʪʦʯʢʝ P0, BJ = B0, LJ = L0 (ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝ ʩʦʚʤʝʱʝʥʠʷ ʪʦʯʢʠ PJ ʠ P0 

ʩʦʚʧʘʣʠ) ʠ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (3.34) dH = 0, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, dB0 = 0, dL0 = 0. 

ʇʦʜʯʝʨʢʥʸʤ, ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ P ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʦʚ ʥʦʨʤʘʣʴ ʚ ʪʦʯʢʝ P0 ʩʦʚʧʘʜʘʝʪ ʩ ʦʪʚʝʩʥʦʡ 

ʣʠʥʠʝʡ, ʥʦ ʮʝʥʪʨ ʵʣʣʠʧʩʦʠʜʘ ʩʤʝʩʪʠʣʩʷ. ʆʙʨʘʟʫʝʪʩʷ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ 

ʧʨʦʝʢʮʠʠ (ʥʦʨʤʘʣʠ) ʠ ʧʣʦʩʢʦʩʪʴʶ ʩʤʝʱʸʥʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦʪ 

ʫʛʦʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʫ ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪʚʝʩʘ, 

ʥʘʧʨʠʤʝʨ: ʥʠʚʝʣʠʨʦʚʘʥʠʝ, ɻʅʉʉ-ʠʟʤʝʨʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʥʠʚʝʣʠʨʦʚʘʥʠʝʤ, 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ. ʆʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ ʟʘʪʨʘʪʥʳʤʠ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʩʧʦʩʦʙʝ ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʦʯʝʢ, ʥʘ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʝʥʳ ʚʳʩʦʪʳ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʜʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ (3.34) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪʚʝʩʘ 

Ůɖ, Ůɝ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʦʯʢʘ ʈk ʧʨʠʥʘʜʣʝʞʠʪ ʧʣʦʩʢʦʩʪʠ hk, ʘ ʟʥʘʯʠʪ, hk 

(ʠʣʠ 
kH ) ï ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʪʦʯʢʠ ʈk, ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʣʦʥʝʥʠʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʦʪ ʧʣʦʩʢʦʩʪʠ ʧʨʦʝʢʮʠʠ lk ʧʦ ʬʦʨʤʫʣʝ 
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lk = Hkï(hkïȹh),    (3.35) 

ʛʜʝ Hk ï ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʪʦʯʢʠ ʈk. 

ʇʦʩʣʝ ʩʦʚʤʝʱʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʠʟʤʝʥʠʪʩʷ ʥʘ dH, 

ʧʦʧʨʘʚʢʫ Ɂk ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ 

Ɂk = dHk + Hk ï (hk ï ȹh).    (3.36) 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (3.34) ʚ ʬʦʨʤʫʣʫ (3.36), ʧʦʣʫʯʘʝʤ 

Nk = akȹ,    (3.37) 

ʛʜʝ ak=(Fɖ, Fɝ); ȹ ï ʫʢʣʦʥʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ, ȹ = (Ůɖ, Ůɝ)
ʪ
. 

ʇʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚʳʯʠʩʣʷʝʤ 

ȹ = (A
ʪ
A)

-1
A
ʪ
L,    (3.38) 

ʛʜʝ A ïʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ; Lï ʚʝʢʪʦʨ 

ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʫʯʸʪʦʤ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ 

'

0 0 0 0

'

0 0 0 0

'
0 0 0

0 cos sin sin 0

       0    sin sin cos 0    

0 cos 0

i i i i

i i i i

i ii i

X X Z Z Y Y L B L

Y Y Z Z X X L B L

Y Y X X BZ Z

, (3.39) 

ʛʜʝ 
' ' ',  ,  i i iX Y Z  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ (ʧʦ ʬʦʨʤʫʣʝ 

(3.27) ʚʳʯʠʩʣʷʝʤ ʧʘʨʘʤʝʪʨʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ); Xi, Yi, Zi ï 

ʫʨʘʚʥʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ (
' ' ',  ,  i i iB L H ) ʧʦ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ [25, 26]. 

ʆʧʨʝʜʝʣʷʝʤ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ: 

2 2S X Y .    (3.40) 

ɺʳʯʠʩʣʷʝʤ ʧʨʠʙʣʠʞʸʥʥʳʝ B0, L0, H0: 

2 1

0 (1 )
Z

tgB e
S

    (3.41) 

0 arctan
Y

L
X

    (3.42) 
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0 0

0

 
cos

S
H N

B
    (3.43) 

2

0 2 2 2 2

0 0cos sin

a
N

a B b B
    (3.44) 

ʋʪʦʯʥʷʝʤ B0 ʧʦ ʬʦʨʤʫʣʝ 

1

2 0
0

0

1
Z N

tgB e
S N H

    (3.45) 

ʈʝʘʣʠʟʫʝʤ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ B0 ʜʦ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ (Ů 

= 0,1 ʨʘʜ). ɽʩʣʠ |BïBo| Ò Ů, ʪʦ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ ʟʘʢʦʥʯʝʥ. 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʨʘʩʩʯʠʪʳʚʘʝʤ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ: 

1 1 1
0 0 0, ,

n n n

i i iB L H

B L H
n n n

   (3.46) 

ʇʦʣʫʯʘʝʤ ʥʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘʣʴʥʦʡ 

ʪʦʯʢʠ, ʧʨʦʚʦʜʠʤ ʨʘʩʯʸʪ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʪʦʯʝʢ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ 

 ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ 

ʉʚʟ̫ʴ ʤʝʞʜʫ ʘʥʦʤʘʣʠʷʤʠ ʚʳʩʦʪ (ʜʦ ʠ ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ): 

84TC d ,     (3.47) 

ʛʜʝ ɕʊʉ, ɕ84 ï ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫ 

ʵʣʣʠʧʩʦʠʜʫ ʠ ʵʣʣʠʧʩʦʠʜʫ WGS-84; dɕ ï ʠʟʤʝʥʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ WGS-84 ʚʩʣʝʜʩʪʚʠʝ ʨʝʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʣʠʧʩʦʠʜʘ 

ʧʦ ʫʩʣʦʚʠʶ 
2 minTC , ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʜʨʫʛʫʶ (ʧʦ ʄ. ʉ. 

ʄʦʣʦʜʝʥʩʢʦʤʫ). 

ɺʳʯʠcʣʷʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʧʦ B, L ʠ H (ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʫʢʘʟʘʥʦ ʪʦʣʴʢʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ H): 
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2 2

2 2

2 2

. .   . (1 sin

(1 )sin (1 sin )
1

. sin .cos .sin . sin .cos .cos 0 . ,

a

f

X

Y

Z

X

dH cosB cosL cosB sin L sin B Y N e B N dm

Z

dN M
e B e B

da f

N e B B L N e B B L

 (3.48) 

ʛʜʝ dm, da, df ï ʤʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʜʚʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ; a, b ï ʙʦʣʴʰʘʷ ʠ ʤʘʣʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʦʠʜʘ.  

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʝʩʪʥʦʩʪʴ ʥʝʙʦʣʴʰʘʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʩʢʘʷ, Ƣʭ, Ƣy, Ƣz ʠ dm, da, df ʦʯʝʥʴ ʤʘʣʳ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʠʭ ʥʝ ʫʯʠʪʳʚʘʪʴ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ dH å dɕ, ʪʦʛʜʘ 

. .   .

X

dH cosB cosL cosB sin L sin B Y

Z

    (3.49) 

84 cos .cos . cos .sin . sin .TC B L X B L Y B Z  (3.50) 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (3.50) ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʪʨʸʭ ʪʦʯʝʢ, 

ʠʤʝʶʱʠʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʠ ʥʦʨʤʘʣʴʥʫʶ ʚʳʩʦʪʫ H. ʉʣʫʯʘʡ, ʢʦʛʜʘ ʪʘʢʠʭ ʪʦʯʝʢ 

ʤʥʦʛʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ dH å dɕ, ʪ.ʝ. ʚʳʩʦʪʘ, ʦʧʨʝʜʣʸʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ (ʧʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫ ʵʣʣʠʧʩʦʠʜʫ), 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʝ. 

ʇʦʧʨʘʚʢʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ 

V = ɸX+L,       (3.51) 

ʛʜʝ 

1 1 1 1 1

2 2 2 2 2

cos cos cos sin sin

cos cos cos sin sin

... ... ...

cos cos cos sin sinn n n n n

B L B L B

B L B L B
A

B L B L B

; 

X

X Y

Z

; 

1

2

84

84

84

.....

n

L ; Bi, Li ʠ 

184
 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʰʠʨʦʪʘ, ʜʦʣʛʦʪʘ ʠ ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʪʦʯʝʢ. 
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ʈʝʰʠʚ ʫʨʘʚʥʝʥʠʝ (3.51) ʩʧʦʩʦʙʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʨʠ ʫʩʣʦʚʠʠ 

[PVV] = min, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ (ʧʦʧʨʘʚʢʠ). 

ʉ ʫʯʸʪʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ (3.50) ʧʨʠʨʘʱʝʥʠʷ ʚʳʩʦʪ ʚʳʯʠʩʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ 

cos cos . cos sin . sin .dH B L X B L Y B Z           (3.52) 

ɺ ʠʪʦʛʝ ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ:  

H  = H+dH.          (3.53) 

3.4 ʇʝʨʝʜʘʯʘ ʦʪʤʝʪʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʡ 

ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʚʳʢʣʘʜʢʠ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʢ ʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʚʦʧʨʦʩʘʤ. ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦʤʫ ʜʦʢʫʤʝʥʪʫ [15], ʧʝʨʝʥʦʩʠʪʴ ʦʪʤʝʪʢʠ ʩ 

ʠʩʭʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ ʤʦʥʪʘʞʥʳʡ ʩʣʝʜʫʝʪ ʤʝʪʦʜʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʪʦʯʥʦʩʪʴ, ʦʪ ʨʝʧʝʨʦʚ ʨʘʟʙʠʚʦʯʥʦʡ ʩʝʪʠ ʟʜʘʥʠʷ (ʩʦʦʨʫʞʝʥʠʷ). ʇʨʠ ʵʪʦʤ 

ʧʦʛʨʝʰʥʦʩʪʴ (ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ ï ʉʂʇ) ʧʝʨʝʥʝʩʝʥʠʷ ʥʘ 

ʤʦʥʪʘʞʥʳʡ ʛʦʨʠʟʦʥʪ ʦʪʤʝʪʢʠ ʩ ʠʩʭʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʰʘʛʦʚʳʤ ʤʝʪʦʜʦʤ ʜʦʣʞʥʘ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ: ʧʨʠ ʚʳʩʦʪʝ ʟʜʘʥʠʷ (ʅ) ʜʦ 30 ʤ ï 2 ʤʤ ʠ ʧʨʠ ʅ ʜʦ 75 ʤ ï 3 ʤʤ. 

ʕʪʠ ʚʝʣʠʯʠʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʞʥʠʭ ʥʦʨʤ. ʊʘʢ, ʚ ʉʇ 

126.13330.2012 ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʣʠ 4 ʠ 7 ʤʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʦ ʚʘʨʠʘʥʪʫ ʩ ʜʚʫʤʷ 

ʥʠʚʝʣʠʨʘʤʠ, ʪʠʧʘ ʅ-3 ʠ ʩʪʘʣʴʥʦʡ ʨʫʣʝʪʢʦʡ, ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʠ 

ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʡ [50]. 

ʆʪʤʝʪʢʠ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ (ʵʪʘʞʠ ʟʜʘʥʠʷ) ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʠ 

ʧʦ ʜʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ, ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʅʘʧʨʠʤʝʨ, ʦʪ ʪʦʯʝʢ, 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʮʦʢʦʣʝ ʠʣʠ ʜʨʫʛʦʤ ʫʜʦʙʥʦʤ ʤʝʩʪʝ ʠʣʠ ʦʪ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʨʝʧʝʨʦʚ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʘʣʴʥʫʶ ʨʫʣʝʪʢʫ, ʥʠʚʝʣʠʨ ʠ ʨʝʡʢʫ. ʇʦʛʨʝʰʥʦʩʪʴ m ʪʘʢʦʡ ʧʝʨʝʜʘʯʠ ʦʪʤʝʪʢʠ 

ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʩʯʝʪʘ ʧʦ ʨʝʡʢʝ, ʠʟʤʝʨʝʥʠʡ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ; ʢʦʤʧʘʨʠʨʦʚʘʥʠʷ ʨʫʣʝʪʢʠ ʠ ʨʝʡʢʠ. ʇʨʠ 
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ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʠ ʤʝʥʝʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʫʯʝʪ 

ʦʪʤʝʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʠʩʢʦʤʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʫʧʨʦʱʝʥʥʳʝ ʤʝʪʦʜʠʢʠ, ʜʘʶʱʠʝ ʤʝʥʴʰʫʶ ʪʦʯʥʦʩʪʴ. 

ʇʝʨʝʜʘʯʫ ʦʪʤʝʪʢʠ ʥʘ ʤʦʥʪʘʞʥʳʡ ʛʦʨʠʟʦʥʪ ʤʦʞʥʦ ʪʘʢʞʝ ʩʜʝʣʘʪʴ ʧʫʪʝʤ 

ʬʠʢʩʘʮʠʠ ʦʪʤʝʪʢʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠʩʭʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʤʝʨʘ ʧʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʢʨʘʩʢʠ ʥʘ ʤʦʥʪʘʞʥʦʤ ʛʦʨʠʟʦʥʪʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʪʤʝʪʢʠ ʨʝʧʝʨʦʚ ʥʘ ʤʦʥʪʘʞʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʢʣʘʜʢʦʡ 

ʥʠʚʝʣʠʨʥʳʭ ʭʦʜʦʚ ʧʦ ʣʝʩʪʥʠʯʥʳʤ ʤʘʨʰʘʤ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʪʤʝʪʦʢ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʝʝ 

ʦʰʠʙʢʠ ʩʦʨʘʟʤʝʨʥʳ ʩ ʚʳʩʦʪʦʡ ʦʙʲʝʢʪʘ: ʯʝʤ ʚʳʰʝ ʟʜʘʥʠʝ, ʪʝʤ ʙʦʣʴʰʝ ʦʰʠʙʢʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ. ʊʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ, ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʥʘʟʝʤʥʳʤʠ ʩʝʪʷʤʠ [20, 21]. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʝ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʶ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʝʥʠʷ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʠʭ ʢʦʥʪʨʦʣʝʤ. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʥʝʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʝ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʥʦʨʤʘʣʠ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘ [51]. ʇʨʠ ʵʪʦʤ ʧʣʦʩʢʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ ʤʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪʚʝʩʥʦʡ 

ʣʠʥʠʠ. ʋʪʦʯʥʝʥʠʝ ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ.  

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʧʝʨʝʜʘʯʘ ʦʩʝʡ ʩʦʦʨʫʞʝʥʠʷ ʩ 

ʠʩʭʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ ʤʦʥʪʘʞʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʩʝʛʤʝʥʪʘʮʠʦʥʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-

ʪʝʭʥʦʣʦʛʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 3.11). 
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ʈʠʩʫʥʦʢ 3.11 ï ʉʭʝʤʘ ʧʦ ʤʝʪʦʜʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ, 

ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʫʥʢʪʘʤ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʨʘʟʙʠʚʦʯʥʦʡ ʦʩʥʦʚʳ, ʘ ʠʭ 

ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʟʥʘʢʘʤʠ ʨʘʟʙʠʚʦʯʥʦʡ ʩʝʪʠ 

ʥʘ ʠʩʭʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ (ʩʤ. ʨʠʩʫʥʦʢ 3.12). 

 

ʈʠʩʫʥʦʢ 3.12 ï ʉʭʝʤʘ ʟʥʘʢʦʚ ʠ ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ  

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ 

A, B, C ï ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ; I, II, III, IV ï ʟʥʘʢʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʨʘʟʙʠʚʦʯʥʦʡ ʩʝʪʠ 
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ʇʨʠ ʩʧʫʪʥʠʢʦʚʦʤ ʥʠʚʝʣʠʨʦʚʘʥʠʠ ʨʘʩʩʪʦʷʥʠʝ S ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ɸ ʠ ɺ 

(ʩʤ. ʨʠʩʫʥʦʢ 3.13) ʤʦʞʝʪ ʙʳʪʴ ʥʝʙʦʣʴʰʠʤ. 

 

ʈʠʩʫʥʦʢ 3.13 ï ʉʭʝʤʘ ʧʝʨʝʜʘʯʠ ʚʳʩʦʪ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ ʟʜʘʥʠʷ 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ A ʠ B 

ʥʝʙʦʣʴʰʦʝ ʠ ʘʥʦʤʘʣʠʷ ʚʳʩʦʪ ɕ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʪʦ ʨʘʟʥʦʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʳʩʦʪ 

(hAB) ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ [45, 53]. 

hAB = HB ï HA = hB ï hA       (3.55) 

ʊʦʛʜʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʚʳʰʝʥʠʷ (hAB) ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʯʥʦʩʪʠ 

ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʥʦʩʪʝʡ ʢʦʦʨʜʠʥʘʪ æXAB, æYAB, æZAB , ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʨʘʱʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ (ʠʣʠ ʚʝʢʪʦʨʦʚ) ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʨʠʝʤʥʠʢʠ. ʊʦʛʜʘ ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʤʝʞʜʫ ʪʦʯʢʘʤʠ A ʠ I ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

hAI = hI ï hA = (H I ï ɕI) ï (HA ï ɕA) = (HI ï HA) ï (ɕI ï ɕA) = HAI ï ɕAI (3.56) 

ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ:  hI = hA + hAI, 

ʛʜʝ HAI ï ʨʘʟʥʦʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʳʩʦʪ, ɕAI ï ʨʘʟʥʦʩʪʴ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ 

(ʢʚʘʟʠʛʝʦʠʜʘ). 

ʈʘʟʥʦʩʪʠ ʚʳʩʦʪ ʢʚʘʟʠʛʝʦʠʜʘ ʦʧʨʝʜʝʣʷʪ ʧʦ ʧʨʠʨʘʱʝʥʠʷʤʠ ʥʦʨʤʘʣʴʥʳʭ 

ʚʳʩʦʪ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ III ʢʣʘʩʩʘ, ʘ ʪʘʢʞʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʳʩʦʪ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ʈʘʚʝʥʩʪʚʦ (3.56) ʧʨʠʤʝʥʷʝʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʚʳʩʦʪ ʤʝʞʜʫ 

ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʦʡ ʚʥʝ ʟʜʘʥʠʷ (ʪʦʯʢʘ A) ʠ ʟʥʘʢʘʤʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʨʘʟʙʠʚʦʯʥʦʡ 

ʩʝʪʠ (ʨʠʩʫʥʦʢ 3.12). ʇʨʠ ʵʪʦʤ ʘʥʦʤʘʣʠʷ ʚʳʩʦʪ ʪʦʯʢʠ I ʜʣʷ ʨʘʟʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

(Iô) ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ (ɕI' = ɕI). ʊʦʛʜʘ, ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʟʥʘʢʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʨʘʟʙʠʚʦʯʥʦʡ ʩʝʪʠ ʥʘ ʨʘʟʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʙʫʜʝʪ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʚʳʩʦʪʳ: 

h I'-I = (H  I' ï H I) = H I'-I .    (3.57) 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (3.57) ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦʯʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʦʪʤʝʪʢʠ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʩʦʢʠʭ ʟʜʘʥʠʡ 

ʩʧʫʪʥʠʢʦʚʳʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ.  

ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʘ [52] ʧʦʢʘʟʘʥ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ 

ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʩ ʫʯʸʪʦʤ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʞʠʤʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ 

ʚ ʧʨʝʜʝʣʘʭ 0,5 ʩʤ. 

ʇʨʠʚʝʜʝʤ ʦʙʦʩʥʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʜʣʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 

(A, B, C). ʈʘʩʩʤʦʪʨʠʤ ʪ.ʥ. ʙʘʟʦʚʫʶ ʪʦʯʢʫ I, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʧʦ ʪʨʝʤ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ. ɽʩʣʠ A, B, C ï ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ ʚ 

ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ, ʪʦ ʘʥʦʤʘʣʠʷ ʚʳʩʦʪʳ I ʚ ʪʦʯʢʝ I ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

1

3
I A B C

     (3.58) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ) ʠʤʝʝʤ: 

2 2 21

3I A B C
m m m m .    (3.59) 

ʇʫʩʪʴ 
A B C i

m m m m  ʪʦʛʜʘ: 

1

3I i
m m .      (3.60) 

ɸʥʦʤʘʣʠʠ ʚʳʩʦʪ ʚ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
i i iH h . 

ʇʨʠ ʵʪʦʤ ʉʂʆ ʙʫʜʝʪ ʨʘʚʥʦ: 

2 2

I i iH hm m m      (3.61) 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 
i iH hm m , ʪʦʛʜʘ: 
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2

i

i iH h

m
m m .      (3.62) 

ɿʘʤʝʥʷʷ ʬʦʨʤʫʣʫ (3.59) ʬʦʨʤʫʣʦʡ (3.61), ʧʦʣʫʯʘʝʤ: 

3

2i i IH hm m m  .     (3.63) 

ʅʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʪʦʯʢʠ I ʧʦʣʫʯʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 
i i ih H . 

ʋʩʪʘʥʦʚʠʚ ʫʩʣʦʚʠʝ 
Ihm L, ʛʜʝ L ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʙʘʟʦʚʦʡ ʪʦʯʢʠ I ʜʦ 

ʦʧʦʨʥʦʡ ʪʦʯʢʠ i, ʤʳ ʤʦʞʝʤ ʨʘʩʩʯʠʪʘʪʴ: 

2 2 2 2

I I Ih Hm m m L.     (3.64) 

ʇʦ ʧʨʠʥʮʠʧʫ ʨʘʚʥʦʛʦ ʚʣʠʷʥʠʷ, ʠʤʝʝʤ:  

2I IH

L
m m       (3.65) 

ɿʘʤʝʥʠʚ ʬʦʨʤʫʣʫ (3.63) ʬʦʨʤʫʣʦʡ (3.65), ʧʦʣʫʯʠʤ: 

3

2i iH h

L
m m       (3.66) 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʢʣʘʜʦʢ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʪʤʝʪʢʠ ʙʘʟʦʚʦʡ ʪʦʯʢʠ ʚ 3 ʤʤ ʧʨʠ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʥʝʝ ʜʦ ʦʧʦʨʥʦʡ ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 300 ʜʦ 500 ʤ, ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʦʧʦʨʥʦʡ ʪʦʯʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ 

ʦʰʠʙʢʦʡ ʥʝ ʙʦʣʝʝ 5,5 ʤʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʙʘʟʦʚʦʡ ʪʦʯʢʠ ʧʦ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʜʦʣʞʥʘ ʠʤʝʪʴ ʪʦʯʥʦʩʪʴ ʥʝ ʭʫʞʝ 2,5 ʤʤ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʪʤʝʪʢʠ ʙʘʟʦʚʦʡ ʪʦʯʢʠ ʚ 5 ʤʤ, ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ 

ʦʧʦʨʥʦʡ ʪʦʯʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 9,1 ʤʤ (III 

ʢʣʘʩʩ) ʠ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʙʘʟʦʚʦʡ ʪʦʯʢʠ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ʠʤʝʪʴ ʉʂʇ ʤʝʥʝʝ 4,1 ʤʤ.  

ʊʝʧʝʨʴ ʚʳʧʦʣʥʠʤ ʩʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʦʪʤʝʪʢʠ ʥʘ ʤʦʥʪʘʞʥʳʝ 

ʛʦʨʠʟʦʥʪʳ ʧʨʠ ʧʦʤʦʱʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ.  

ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʩ ʜʚʫʤʷ ʥʠʚʝʣʠʨʘʤʠ ʠ ʤʝʨʥʦʡ ʣʝʥʪʳ, ʉʂʇ (m) ʧʝʨʝʜʘʯʠ ʦʪʤʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [50]: 2 2 2 2 24 2a l K om m m m m, 
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ʛʜʝ: ma ï ʦʰʠʙʢʘ ʦʪʩʯʝʪʦʚ ʧʦ ʨʝʡʢʝ, ml ï ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ, mK ï ʦʰʠʙʢʘ ʢʦʤʧʘʨʠʨʦʚʘʥʠʷ ʨʫʣʝʪʢʠ ʠ ʨʝʡʢʠ, m0 ï ʦʰʠʙʢʘ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʣʠʷʥʠʷ ʚʩʝʭ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʦ ʧʨʠʥʮʠʧʫ ʨʘʚʥʦʛʦ ʚʣʠʷʥʠʷ ʠʤʝʝʤ: ma = mK = m0. 

ɽʩʣʠ ʥʠʚʝʣʠʨ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʵʪʘʞʠ n ʨʘʟ (n ï ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʞʝʡ ʟʜʘʥʠʷ), 

ʪʦ ʩʫʤʤʘʨʥʘʷ ʦʰʠʙʢʘ ʙʫʜʝʪ: ml = n.mS, ʛʜʝ: mS  ï ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ. 

ʊʦʛʜʘ, 2 2 2 2 2 27 7o l o Sm m m m n m. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʦʰʠʙʦʢ ʨʘʚʥʳ ma = mK = m0 = 1 ʤʤ, mS = 

1.5 ʤʤ, ʤʳ ʠʤʝʝʤ: 2 2 27 1.5m n(ʤʤ). 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ 

ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʣʦʚʠʝ 
Ihm L, ʛʜʝ L ï ʩʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʙʘʟʦʚʦʡ ʪʦʯʢʠ I ʜʦ ʦʧʦʨʥʦʡ ʪʦʯʢʠ i. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʧʦʨʥʦʡ ʪʦʯʢʠ ʜʦ ʙʘʟʦʚʦʡ ʪʦʯʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 400 ʤ, ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʵʪʘʞʘ ʟʜʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4 ʤ, ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʜʦ IV ʢʣʘʩʩʘ. ʇʨʠʤʝʤ ʚʳʩʦʪʳ ʟʜʘʥʠʷ ʜʦ 200 ʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3.8. 

ʄʝʪʦʜʠʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʦʪʤʝʪʦʢ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʅʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʫʥʢʪʳ (ʪʦʯʢʠ I, II, III, IV ʚ ʨʠʩʫʥʢʝ 3.12) ʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ. ʕʪʦ 

ʙʫʜʝʪ ʦʩʥʦʚʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ. ɼʘʣʝʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʜʘʯʘ ʦʪʤʝʪʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ.  

ʊʘʙʣʠʮʘ 3.8 ï ʊʦʯʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʦʪʤʝʪʦʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ ʧʦ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ 

ɺʳʩʦʪʳ ʟʜʘʥʠʷ 

(ʤ) 

ʉʂʇ (ʤʤ) 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ɻʅʉʉ ï ʪʝʭʥʦʣʦʛʠʠ 

0 2.6 10.0 

25 4.5 10.0 

50 6.0 10.1 

é é é 

175 10.3 10.9 

200 10.9 11.2 
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ʈʠʩʫʥʦʢ 3.14 ï ɼʠʘʛʨʘʤʤʘ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʤʝʪʦʢ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɻʅʉʉ-

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʤʝʪʦʢ ʟʜʘʥʠʷ ʧʨʠ ʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʀʟ 

ʜʠʘʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 3.14) ʚʠʜʥʦ, ʯʪʦ ʜʦ ʚʳʩʦʪ 200 ʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

(ʥʘʟʝʤʥʳʡ) ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʧʝʨʝʜʘʚʘʪʴ ʦʪʤʝʪʢʠ ʥʘ ʤʦʥʪʘʞʥʳʝ 

ʛʦʨʠʟʦʥʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʜʘʝʪ ʧʨʠʤʝʨʥʦ ʦʜʥʫ 

ʪʦʯʥʦʩʪʴ.  

ʅʘ ʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʤʝʪʦʢ ʧʦ 

ɻʅʉʉ-ʪʝʭʥʦʣʦʛʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʟʜʘʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʳʩʦʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʥʝ ʩʪʦʣʴ ʵʬʬʝʢʪʠʚʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ɻʅʉʉ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʚʳʩʦʪʳ ʜʦ 200 ʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʘ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʠʣʠ ʧʣʘʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʠʭ ʧʝʨʝʥʦʩʝ ʩ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʚʘʞʥʦ ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʫʯʘʶʪ ʥʘ ɿʝʤʥʦʤ ʵʣʣʠʧʩʦʠʜʝ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʝʪʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚ ʮʝʣʦʤ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 
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ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʟʜʘʥʠʶ ʦʧʦʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ 

(ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʨʘʟʙʠʚʦʯʥʦʡ ʦʩʥʦʚʳ- ɻʈʆ), ʦʥʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʤʠʥʠʤʘʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʜʣʠʥ ʣʠʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ɻʅʉʉ 

ʪʝʭʥʦʣʦʛʠʠ, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ (ʣʦʢʘʣʴʥʘʷ ʧʣʦʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ). 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʧʦ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʦ ɺʴʝʪʥʘʤʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʨʘʙʦʪ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 

ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ ʰʦʩʩʝ ʅʠʥʴ-ʙʠʥʴ ï 

ʊʭʘʥʴ-ʭʦʘ, ʍʘ-ʥʦʡ ï ʃʘʦʢʘʡ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ WGS-84 ʚ ʤʝʩʪʥʫʶ ʣʦʢʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʧʫʥʢʪʦʚ ɻʈʆ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʦʧʨʝʜʝʣʷʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (X,Y,Z) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʅʉʉ-

ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠ ʵʪʦʤ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ (B,L,H) ʧʦʣʫʯʘʶʪ ʚ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (WGS-84). ʕʪʠ ʢʦʦʨʜʠʥʘʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʧʨʦʝʢʮʠʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦ ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ 

ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʦʙʣʘʩʪʠ (ʩʤ. ʛʣʘʚʫ 1). ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʜʫʮʠʨʦʚʘʥʠʝʤ ʜʣʠʥ ʣʠʥʠʡ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.3, ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ 

ʪʦʧʦʮʝʥʪʨʠʯʝʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʸʪʦʤ ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʵʣʣʠʧʩʦʠʜʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʤʝʪʦʜʠʢʦʡ 

ʥʦʨʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚʳʙʨʘʥʥʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ P0 ʚ ʨʘʡʦʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ ʵʣʣʠʧʩʦʠʜʝ, ʦʪʩʪʦʷʱʝʤ ʥʘ 

ʚʝʣʠʯʠʥʫ h ʦʪ WGS-84. ʊʦʛʜʘ ʥʦʨʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʪʦʯʢʠ P0 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢ ʨʘʟʥʦʩʪʴ ʚʳʩʦʪʳ h0 ʪʦʯʢʠ P0 ʠ h, ʪ. ʝ. h0ïh. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ P0 
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(B0, L0, H0). ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʪʳ H0 ʚ h0 ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʵʣʣʠʧʩʦʠʜʫ. 

ʇʘʨʘʤʝʪʨʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʚʳʯʠʩʣʷʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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,    (3.67) 

ʛʜʝ a1 ʠ 
2

1e  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʠ ʧʝʨʚʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ; a ʠ e
2 
ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʠ 

ʧʝʨʚʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʵʣʣʠʧʩʦʠʜʘ (WGS-84). 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʦʚ ʥʦʨʤʘʣʴ ʚ ʪʦʯʢʝ P0 ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ, ʥʦ ʩʘʤ ʵʣʣʠʧʩ ʩʤʝʩʪʠʪʩʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʛʦ ʮʝʥʪʨ ʪʦʞʝ. 

ʆʙʨʘʟʫʝʪʩʷ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʧʨʦʝʢʮʠʠ (ʥʦʨʤʘʣʠ) ʠ ʧʣʦʩʢʦʩʪʴʶ 

ʩʤʝʱʸʥʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦʪ ʫʛʦʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʫ ʫʢʣʦʥʝʥʠʷ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʫʯʸʪʦʤ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ [55]: 

'

0 0 0 0 0

'

0 0 0 0 0

'
0 0 0

0 ( ) cos sin sin

0 ( ) sin Sin cos

( ) 0 cos 0

i i i i

i i i i

i iii

X X Z Z Y Y L B L

Y Y Z Z X X L B L

Y Y X X BZZ

 (3.68) 

ʛʜʝ'
iX , '

iY , '

iZ ,ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ 

(ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ); Xi, Yi, Zi ï ʫʨʘʚʥʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ɻʅʉʉ; ɝ ʠ ɖ ï ʫʛʦʣ ʕʡʣʝʨʘ, ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ y ʠ x. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ (Xi',Yi',Zi') ʧʝʨʝʚʦʜʠʤ ʚ ʛʝʦʜʝʟʠʯʝʩʢʠʝ (Bi',Li',Hi'), ʘ ʟʘʪʝʤ ʚ ʤʝʩʪʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʣʦʩʢʦʩʪʠ (xi, yi) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʟʦʥʳ, ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ ʠ ʧʨʦʝʢʮʠʠ UTM ï VN2000 (ɺʴʝʪʥʘʤ). ʇʨʠʤʝʥʝʥʠʝ 

ʧʦʢʘʟʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʝʩʧʝʯʠʪ ʧʨʠʥʮʠʧ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʠʩʢʘʞʝʥʠʡ 

ʜʣʠʥ ʣʠʥʠʡ ʚ ɻʈʆ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʡ ʚʘʨʠʘʥʪ ʝʝ ʩʦʟʜʘʥʠʷ.  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ɻʅʉʉ-ʪʦʯʝʢ ʧʦ 

ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʘʣʛʦʨʠʪʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ɻʅʉʉ-ʩʝʪʠ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ ʁʝʥ-ʬʦʥʛ (ɹʘʢ-ʥʠʥʴ - ɺʴʝʪʥʘʤ). ɼʣʠʥʘ 

ʧʨʦʤʟʦʥʳ ʦʢʦʣʦ 7 ʢʤ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 9 ɻʅʉʉ-ʪʦʯʝʢ ʦʪ YP3 ʜʦ IVYP-1 (ʩʤ. 

ʨʠʩʫʥʦʢ 3.15).  

 

ʈʠʩʫʥʦʢ 3.15 ï ʉʭʝʤʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ ʁʝʥ-ʬʦʥʛ 

(ɺʴʝʪʥʘʤ) 

ɻʅʉʉ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʥʢʪʦʚ ʚʳʧʦʣʥʝʥʦ ʧʨʠʝʤʥʠʢʦʤ Trimble-R3. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ VN-2000 ʩ 

ʦʩʝʚʳʤ ʤʝʨʠʜʠʘʥʦʤ ʥʘ ʜʦʣʛʦʪʝ 105
0
 30'.  

ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʢʦʦʨʜʠʥʘʪ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ 

ʧʝʨʝʚʦʜʘ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ: ʧʨʦʩʪʦʡ ʧʝʨʝʚʦʜ ʥʘ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʝʨʝʚʦʜ ʩ ʫʯʝʪʦʤ ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʘ. ʊʦʯʢʫ 

IV-16 ʚʳʙʨʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ (P0).  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʣʠʥʠʡ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʭʦʜʘ (ʨʠʩʫʥʦʢ 3.15) ʧʦ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠ ʧʝʨʝʚʦʜʝ ʥʘ ʧʣʦʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʢʣʶʯʘʷ ʧʝʨʝʚʦʜ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ VN-2000, (L0 = 105Á30', UTM-ʟʦʥʘ 3
o
 mo= 

0,9999) ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʥʥʳʤ ʪʘʭʝʦʤʝʪʨʦʤ 

TC303 (Leica). ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

(ʥʘ ʧʨʦʝʢʮʠʶ UTM ʠ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.9 

3.10 ʠ 3.11. 
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ʊʘʙʣʠʮʘ 3.9 ï ʂʦʦʨʜʠʥʘʪʳ ʥʘ ʧʨʦʝʢʮʠʠ UTM (105Á30', 3
o
, mo= 0,9999) 

ˉ ʇʫʥʢʪ X y ˉ ʇʫʥʢʪ x y 

1 IV15 2344375.319 551780.890 6 YP-03 2344947.767 549737.296 

2 IV16 2344662.770 551279.180 7 YP-04 2344905.533 550106.462 

3 IVYP1 2343442.276 552726.462 8 YP-05 2344886.251 550272.613 

4 IVIP2 2343792.718 552356.510 9 YP-06 2344813.265 550797.272 

5 IVYP3 2345352.691 551102.448     

 

ʊʘʙʣʠʮʘ 3.10 ï ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

ˉ ʇʫʥʢʪ x y z ˉ ʇʫʥʢʪ X y z 

1  IV15  -449.115 595.322 2.926 6  YP-03  129.622 -1446.609 2.220 

2  IV16  -160.056 94.495 3.253 7  YP-04  86.302 -1077.537 3.090 

3  IVYP-1 -1385.271 1537.938 2.159 8  YP-05  66.513 -911.442 3.016 

4  IVYP-2 -1033.592 1169.105 4.871 9  YP-06  -8.070 -386.973 0.948 

5  IVYP-3 530.447 -80.106 -1.914      

 

ɺʳʯʠʩʣʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪʚʝʩʘ (ʩʤ. ʚʳʨʘʞʝʥʠʝ ʚ ʨʘʟʜʝʣʝ 3.3):  

Ůɖ = - 3,401''; Ůɝ = 2,685''. 

ʊʘʙʣʠʮʘ 3.11 ï ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʩ ʫʯʸʪʦʤ ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʡ 

ˉ ʇʫʥʢʪ X Y Z 

1 IV15 -1639729.325 5718895.500 2291401.637 

2 IV16 -1639219.180 5718933.387 2291671.268 

3 IVYP-1 -1638740.605 5719011.121 2291812.137 

4 IVYP-2 -1640339.594 5718942.015 2290857.354 

5 IVYP-3 -1638981.218 5718736.817 2292313.176 

6 YP-03 -1637708.516 5719256.017 2291940.974 

7 YP-04 -1638067.881 5719170.327 2291900.900 

8 YP-05 -1638229.513 5719131.433 2291882.424 

9 YP-06 -1638740.608 5719011.121 2291812.140 

 

ʊʘʙʣʠʮʘ 3.12 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʠʥ ʣʠʥʠʡ 

ʅʘʠʤʝʥʦ-

ʚʘʥʠʝ 

ʣʠʥʠʡ 

ɼʣʠʥʳ ʣʠʥʠʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ  

ʵʣʝʢʪʨʦʥʥʳʤ 

ʪʘʭʝʦʤʝʪʨʦʤ 

TC303 (ʤ) 

(1) 

ɼʣʠʥʳ ʣʠʥʠʡ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ (ʤ) 

VN-2000  

(L0 = 105Á30', 

UTM-ʟʦʥʘ 3
o
,  

mo= 0,9999) 

(2) 

ɺ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

(3) 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʫʯʸʪʘ ʫʢʣʦʥʝʥʠʡ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʡ (4) 

S1(ʤ) S1 (ʤʤ) S2(ʤ) S2 (ʤʤ) S3(ʤ) S2 (ʤʤ) 

YP3-YP4 371.597 371.580 17 371.601 -4 371.606 -9 

YP4-YP5 167.266 167.260 6 167.267 -1 167.269 -3 

YP5-YP6 529.745 529.711 34 529.738 7 529.749 -4 

YP6-IV16 504.890 504.860 30 504.881 9 504.895 -5 
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ʈʠʩʫʥʦʢ 3.16 ï ɼʠʘʛʨʘʤʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ  

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ɻʅʉʉ-ʭʦʜʘ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ ʁʝʥ-ʬʦʥʛ ʚʠʜʥʦ, ʯʪʦ: 

ï ʜʣʠʥʘ ʣʠʥʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʙʝʟ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʪʦʣʙʝʮ 2)), ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʜʣʠʥʳ ʣʠʥʠʠ, ʠʟʤʝʨʝʥʥʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʵʣʝʢʪʨʦʥʥʳʤ 

ʪʘʭʝʦʤʝʪʨʦʤ TC303 (ʩʪʦʣʙʝʮ 1), 

ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʠʥʘ ʣʠʥʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʥʘ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴʠ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩ ʫʯʸʪʦʤ ʫʢʣʦʥʝʥʠʡ ʦʪʚʝʩʥʦʡ ʣʠʥʠʡ (ʩʪʦʣʙʝʮ 4), ʵʢʚʠʚʘʣʝʥʪʥʘ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʣʠʞʝ ʢ ʵʪʘʣʦʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ. ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʷʩʥʫʶ ʣʦʛʠʢʫ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʵʪʘʧʦʚ. ʄʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʯʸʪʝ ʫʢʣʦʥʝʥʠʡ ʦʪʚʝʩʥʦʡ 

ʣʠʥʠʠ ʠ ʚʨʘʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ ʪʘʢʞʝ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʚʩʝ ʞʝ ʨʘʩʯʝʪ 

ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʜʦʚʦʣʴʥʦ ʩʣʦʞʝʥ (ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʝ ʤʝʥʝʝ ʪʨʸʭ 

ʪʦʯʝʢ, ʥʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʥʦʨʤʘʣʴʥʳʝ ʚʳʩʦʪʳ ʩʧʦʩʦʙʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ). ʇʨʠ ʠʟʳʩʢʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ʦʙʲʝʢʪʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʚʳʩʦʪ, ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʶʪʩʷ 
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ʧʣʘʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ. ɺʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʛʜʘ ʚʳʩʦʪʳ ʪʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʩʭʝʤʝ ʥʠʚʝʣʠʨʦʚʘʥʠʷ IV ʢʣʘʩʩʘ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ, 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʨʘʩʯʝʪʘ, ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ [100] ʫʢʣʦʥʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 12,58" (ʧʨʠ ʚʳʩʦʪʝ ʤʝʩʪʥʦʩʪʠ 1200 ʤ ʠ 

ʙʦʣʝʝ). ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʪʦʨʦʠʪʝʣʴʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʢʣʦʥʝʥʠʝ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʡ. ɹʦʣʴʰʘʷ ʤʘʩʩʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚʦ ɺʴʝʪʥʘʤʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʚʳʩʦʪʘʭ ʤʝʩʪʥʦʩʪʠ < 300 ʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ ʤʦʨʷ). 

ɺʝʣʠʯʠʥʘ ʫʢʣʦʥʝʥʠʡ ʦʪʚʝʩʘ ʩʦʩʪʘʚʣʷʝʪ 3"ï 4". ɺ ʧʨʝʜʝʣʘʭ ʪʨʝʙʫʝʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʪʦʯʥʦʩʪʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦ ʠʛʥʦʨʠʨʫʝʪʩʷ (ʥʝ ʫʯʠʪʳʚʘʪʴʩʷ). 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ (ʙʦʣʴʰʠʭ ʜʣʠʥ) 

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʥʘ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ.  

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ ʩʦʟʜʘʥʘ ʚ 2017 ʛʦʜʫ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʊʭʘʥʴʭʦʘ 

(ɺʴʝʪʥʘʤ), ʚʳʩʦʪʘ ʤʝʩʪʥʦʩʪʠ ʦʢʦʣʦ 200 ʤ. ʉʝʪʴ ʷʚʣʷʝʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 

ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛʠ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 22 ʢʤ. ɼʦʨʦʛʘ 

ʧʨʦʭʦʜʠʪ ʚʜʦʣʴ ʨʝʢʠ çʄʘè ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʜʣʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʛʦ ʨʝʛʠʦʥʘ.  

ʉʝʪʴ ʠʟʤʝʨʷʣʘʩʴ ʯʝʪʳʨʴʤʷ ʦʜʥʦʯʘʩʪʦʪʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ GPS Trimble 

4600LS. ʉʝʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 32 ʪʦʯʝʢ ʠ 82 ʙʘʟʦʚʳʭ ʣʠʥʠʡ. ʎʝʥʪʨʘʣʴʥʳʡ 

ʤʝʨʠʜʠʘʥ ʨʘʚʝʥ L0 = 105Á000  (UTM-ʟʦʥʘ 3
o
). ʉʭʝʤʘ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.17.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʠʩʢʘʞʝʥʠʡ ʜʣʠʥ ʣʠʥʠʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʠʟʤʝʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʥʥʳʤ ʪʘʭʝʦʤʝʪʨʦʤ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ 

ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʅʉʉ-

ʠʟʤʝʨʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮʘʭ. 
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ʈʠʩʫʥʦʢ 3.17 ï ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ  

 

ʊʘʙʣʠʮʘ 3.13 ï ʂʦʦʨʜʠʥʘʪʳ ʥʘ ʧʨʦʝʢʮʠʠ UTM (L0 = 105Á, UTM- 3
o
, mo= 0,9999)  

ˉ ʇʫʥʢʪ x y ˉ ʇʫʥʢʪ X y 

1 GPS-01 2269907.591 453021.658 7 GPS-25 2271033.611 446687.075 

2 GPS-09 2270050.299 450502.109 8 GPS-26 2271104.514 446441.073 

3 GPS-10 2270153.62 449950.887 9 GPS-27 2270079.123 453162.971 

4 GPS-11 2270081.234 449623.597 10 GPS-28 2270190.221 453354.213 

5 GPS-23 2270770.008 446959.186 11 GPS-29 2270242.437 453517.979 

6 GPS-24 2270939.687 446812.522 12 GPS-30 2270350.101 453688.753 














































